
FOREWORD 


W E hear much of “ wonders"’ in these days, surrounded as we are by man- 
made marvek, all too few of which are properly appraised by most of us. 
And despite the enormous educational and cultural advances of the past 
half century there are many of Nature’s wonders and beauties that lack a fuU and 
proper appreciation. The aim of “The World’s Wonders” is to serve as an eye- 
opener — to bring vividly before readers the wonder and majesty and splendour of 
Nature’s achievements, and to indicate what man himself has done in various fields of 
engineering and invention. 

We live in what has not inaptly been termed the “push-button” age of automatic 
mechanisms i we do less and less with muscle and sinew and have come to rely more and 
more on “servo mechanisms.” We throw over a switch or move a lever and the machine 
does the rest, whether it be the selection of a telephone number at the distant automatic 
exchange, the direction and control of a lift, or the operation of the mighty gates that 
give access to an inter-ocean canal. One great result of all this machinery is more leisure. 
The worker to-day enjoys leisure undreamt of but a few decades ago, and one important 
use he makes of his new-found freedom is to read such works as “The World’s Wonders.” 
A striking feature of intellectual life to-day k the avid desire for more knowledge about 
the world in which we live— not the dry and dull information that is got from works of 
reference, but a fuller and more vivid presentment, like that given by a traveller who 
returns from his journeys of exploration and research full of the wonder of what he has 
seen ; or that first-hand account of some epoch-marking discovery which from time to 
time is given to the world by a scientist. 

For a number of years it has been my task — and I could not wish for a more 
fascinating one — ^to describe and explain the achievements of the pioneer, the inventor, 
the engineer and the scientist; to expound the marvels all around us. In “The World’s 
Wonders” a panorama is displayed, an attempt being made to describe wonders of land 
and sea and sky, of the denizens of these realms, and of some of the mighty and complex 
machines man has contrived in order to obtain the mastery of his three kingdoms. Nature 
set boundaries to his travel, but he built bridges, dug canals, and burrowed out enormous 
tunnels that made a sport of Nature’s ditches and ramparts and barricades. On great 
waterways where falls and cataracts barred navigation, he made a by-pass canal and 
circumvented the obstruction. More wonderful still, he utilised the gigantic latent fund 
of energy in the fall to provide light and warmth and motive power for vast regions 
around. 

The Seven Wonders of the Ancient World have been depicted for the reader, so 
that he may visualise these great achievements of the past. The Great Pyramid of Gizeh 
alone remains to-day : gone are the Hanging Gardens of Babylon, the Statue of Zeus by 
the incomparable sculptor Phddias, the Tomb of Mausolus, the Temple of Diana at 
Ephesus, the Colossus of Rhodes, and the Pharos of Alexandria. The choosing of Seven 



Modern Wonders was no easy matter; we illustrate Battersea Power Station, standing 
for the manifold electrical achievements of our day; New York iu the glory of its blaze 
of illuminations; the Q.S.T.S. Qmen Maty, a stupendous feat of marine engineering; 
the “Cheltenham Flyer/’ a symbol of safe and rapid transport on the iron road; the 
Macchi-Castoldi seaplane in which the world’s record speed of 440 miles an hour was 
attained; and Sydney Harbour bridge, with its enormous span. The Seventh Wonder is 
represented by a photograph of a film studio, for what indeed could be more marvellous 
than the talking picture, in which the resources of electrical and photographic invention 
have combined in a prolific partnersMp? 

As to the colour plates themselves, little need be said; whether porttayed by brush 
or by camera, their beauly is self-evident. Felix Garden’s interpretation of the Seven 
Ancient Wonders, based upon such evidence, mainly literary, as exists, bespeaks a labour 
of love and a fine appreciation of his task. The photographers that lent their art to 
depict the Modem Wonders have been just as successful, and these brilliant camera 
studies are remarkable in many respects. For permission to reproduce the delightful and 
fescinating picture of a forest of long, long ago we are indebted to the artist, Walter E. 
Spradbery, and to the British Museum of Natural History. This fine study of the 
luxuriant vegetation of the Carbouiferoos Period should be examined in the light of the 
vivid pen picture given in Chapter XXV, “When the World was Young,” We can almost 
hear “the drowsy murmur of the wind in the fronds of the great ferns,” and the crash 
of the monstrous plants as from time to time they fall prostrate. 

The hundreds of photographs with whidi “The World’s Wonders” is illustrated 
have been chosen with great care for their beauty and fitness; and one point especially 
regarding them we wish to emphasize. The air camera has endowed the reader of to-day 
with a new faculty— die vision of the bird. We can now see, in the safety and comfort 
of our homes, what the airman sees when he flies over tropical jimglc, great city or desert 
waste. Air photography, in fact, has opened up a new phase of iUustration, and wherever 
ill this volume it has been considered that an air photograph would increase the interest 
or give the most comprehensive impression of a subject, such a photograph has been 
reproduced. The test of this policy lies, of course, in its value to the reader and it is for 
him to judge from the seventy illustrations of the kind included in this work. 

The eleven authors whose names appear on the title page were given a free hand 
ID paint word pictured of the Wonders they were qualified to describe, and eacli has used 
that verbal style which seemed fittest for his purpose. The various Chapters thus present 
a pleasing variety, both of subject matter and of language. That the perusal of this work 
may afford as great pleasure as its compDstion has done is the hope of 

THE EDITOR. 
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CHAPTER I 

LIFE BENEATH THE WAVES 


'T'HE sea has always fascinated the mind of 
man, for over and above its majestic 
beauty, its stupendous power and matchless 
variety of mood, it is a realm of inviolable 
mystery, a fairy-lilto domain of which man, 
with all his ingenuity, can never hope, 
perhaps, to do more than merely cross the 
threshold. 

The life of the ocean is at once profoundly 
secret and incredibly vast. It is a world 
within a world, an immense storehouse of 
organic energy; and our placid, smiling bays 
and desolate wastes of grey water hold life in 
a fuller variety and abundance than can be 
found in the most luxuriant jungle or tropical 
forest. 

Giant Mammals of the Ocean 

Of all the wonderful creatures of the sea — 
from the minute diatoms and infusoria 
upwards — none has attracted the attention 
of mankind more than whales, which long 
before the days of Jonah had impressed the 
popular imagination with their size and 
strength. The plain facts concerning whales 
and their kindred are wonderful enough, and 
so it is not surprising that in the course of 
centuries such fantastic and apocryphal 
stories gathered round the “leviathan” that 
it became literally a beast of fable; in fact, 
it is only comparatively recently that whales 
have been studied tlxrough the eyes of 
science. 


It is uimecessary, perhaps, to state that 
a whale is not a fish, as was at one time 
universally believed, but a mammal, the 
female bearing her young in a highly 
developed state and feeding it with her 
own milk. 

Students of evolution have put forth a very 
wonderful history of the development of 
whales. Countless centuries ago, in the 
remote geological era known as the Tertiary 
period, a number of mammals took to 
devouring fish, molluscs and other creatures 
which they caught in fresh-water pools and 
shallows. Gradually they grew bolder, pur- 
suing theu’ prey into the water itself, where 
eventually they felt completely at home ; the 
intervals which they spent on laud became 
shorter and shorter until, with the lapse of 
many thousands of years, these ancestral 
whales ended by becoming entirely aquatic 
animals, and swimming down the rivers 
entered the open sea, which the majority of 
them have inhabited ever since. 

The "Evolution of Whales 

Meanwhile, their bodies had become modi- 
fied in a marvellous way to suit the ohaiiged 
conditions, growing fish-lilte or “stream- 
lined ” and losing their hairy covering, wliich 
would be cumbrous and useless in the water. 
The fore limbs were changed into flattened 
paddles for cleaving the water, while the tail 
spread out into two huge and immensel;jr 
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The Uses of Baleen 


powerful horizontal lobes, forming a jjorfecfc 
ilcvicc for Hwiramiug and diving. 'I'lie hind 
limbs, on the other liand, beeainc .super- 
fluous and eventually di.sapfWiircd. though it 
is intere.sting to nolo that in the .skeleton of 
the modern whale these aborted limbs are 
still roi)i'Osentod by insignificant particles of 
bone attached to the shriinkeiv remnairls of 
the pelvis; while very raiely a whale ha.s hceu 
known to possess nidimentary hind limbs 
growing on the outer surface of its bodj — ^a 
icniarkal)lo iiustaucc of a '‘thi'ow-back” to a 
remote ancestral characi.eristic. 

How the Whale Keeps Warttt 

Again, in the eonisc of ils development 
from a land animal, the \dialo’.s nostrils have 
shifted to the top of its hoatl, so that the 
cj nature may breathe without licing obliged 
to lift an inooirvenioni amount of its body 
above the water ; while the normal coating of 
fat ])OBHCs.sed by every mammal has been 
converted into a dense, insulnting layer of 
“bhibbor,’’ as much as 18 inches thick, 
whose function it is to maintain the tompora- 
tni'o of this wuim-hloodcd animal in tho icy 
seas in which it has made its homo. Alto- 
gether, tho whale is a marvellous oxam])Io of 
adajhation to onvironmoiit. 

In regard to tho whale’s nostrils or “blow- 
holes,” of which there may ho one or a ])air, 
according to the speoios in question, situatal 
as wo have seen on the to]» of its hcail, thoie 
have been seveiul erroneous ideas. Tho 
popular holiof is that the whale is, for some 
obscure ronson, in the habit of ojocting a 
fountain of water from this hole. But in 
reality it is only emptying its capacious lungs 
of exhausted air, jmeparatory to taking a 
fresh breath. This exhausted aii is expelled 
with force from the animal’s nostril, and the 
warm water vapour with which it is laden is, 
on meeting the cold atmosphere, instantly 
condensed into a column of white stoara, 
which from a little distance has all tho appear- 
ance of a fountain of water. If tho whale 
begins his “blow” before he has quite brokoji 
the surface of tho sea, a little water may ho 
carried up with the jet of air, thus assisting 
the illusion. 

Whales can be separated into two principal 
divisions, i.e. those with teeth and those in 
which teeth have been superseded in tho 
long course of development by the curious 
flexible plates known as “balcon,” or whale- 
bone; yet the young of even the whalebone 
whales are provided before birth with rudi- 
mentary teeth, though these never appear 
above the gum and are eventually absorbed, 


lo l>c I'qdaeod Inier with baleen. 'I’his sub- 
stance is one of the gi’catosl, euriosi(io,s of 
Nature; biiolly, it eousistsof a mimher of ilal , 
horny plalos, hanging down, one ludiind tho 
other, on oaeh side of tho nnirnal’s inoid li and 
varying in colour from a creamy wliito to ihe 
deepest black. Above*, each of these jdates 
widens considorahly and is cmlieddod lirtuly 
in the I'oof of tho mouth. U'hc Jower ])art 
ionus tho ajrex of a rougli triangle arxd is not 
attnchotl lo tins mouth; while the inner edge 
of each ]>latc is fringed out into a ina.ss of 
long, solt and very coarse hairs. There ai’o 
nearly four hnndrod of these jdates, ranged 
one heliind tlio olher o]i each side of tho 
cnorinouH nioiilh. 

Now let us see the n.sc of this remarkablo 
np]mratns. 'I’lie (lieenland wliale, in which 
baleen is .seen at ils iullest devc'lopmenl, 
feeds entirely u])on minulo eni.sbus'ans that 
swim so thickly in llu* Arctic s('as that ihoir 
luddy lint stains the water for mil(> upon 
mile — though, of eoiinse, it rcfpiiies an (Mior- 
mons quantity of tluvse liny crealures to 
.satisfy the whale’s huge apjx'lite. It has 
solved its food problem in ils own inimitable 
way. iSwiinming through a shoal of those 
tiny croatui'os, it opens its cavernous mouth 
io a<lmit a huge volume of water, tlum (‘loses 
ils jaws, raises ils onormous tongu((, and 
so squirts out tho water thiough tluiplales of 
baleen, wliich act as a most ellicicnt slraiiuir, 
while a strange assort mi'ut of proy is hift 
behind to bo swallowed at leisure. 

Human ingenuity has found many uses for 
the whale’s groat sieve, lu the Middle Ages 
Ixilecn was in domaud for tho jilmnes on t,lie 
hehuels of armoured Icniglits and later was 
used to make brushes and tlio fmmos of 
umbrellas and io stillcn crinolines, hoimots 
and corsets ; but to-day tho i)oeuIiar i)roj)er- 
tios of whalebone — eB])ocia]ly ils lightness, 
longhuoss and elasticity — are almost ontircly 
furnished by steel, and so tho demand for 
this product has diminished considerably. 
Whalebone of tho host quality, fiiriiishod 
almost entirely by tho great Greenland wlialo, 
has been known to fetch nearly £3,000 ])er 
ton, and when it is realized that an average 
specimen can easily furnish half this quantity, 
it is not surprising that those sjfloudid whales 
have become almost extinct by excessive 
hunting. 

The Right Whales 

Tlie Greenland wliale,. which is also known 
as the Arctic right whale, or bowlioad, attains 
a length of 60 feet or more, about ono-third of 
which consists of tho head, ivith its great 
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baleen jilates. This eiiorinous creature cruises 
about among the ice-floes of the Far North, 
moving along with powerful up-and-down 
strokes of its broad tail. Apart from its valu- 
able baleen and blubber, its flesh promdes the 
Greenlanders with meat; the chief delicacy 
is the gum in which the whalebone is em- 
bedded, which is said to have a flavour like 
that of the best cream cheese, while the 
thick, black skin of the animal also is 
eaten . 

A closely related species, the black whale, 


the top of its head and also by the fact that 
the skin covering its throat and chest is 
pleated into numerous longitudinal folds 
which enable the cavity of the mouth to bo 
extended enormously when the whale is 
feeding, and which, at the same time, 
provide a lodging for innumerable parasites. 

These curious throat jfleats also character- 
ize the finner-whales, or rorquals, which 
are the most co.smopolitan of whales, being 
found in almost every sea; incidentally 
they form a very large proportion of those 



Ab a result of stormy weather and abnormal tides, whole schools of whales are sometimes driven nshore and left stranded. 
Here are 300 of the great creatures lying helpless at Stanley on the north*>wc8t coast of Tasmania 


or Southern right whale, inhabits warmer 
seas ; it can he distinguished from its northern 
cousin by its smaller head and shorter whale- 
bone. In the North Pacific is foxind the 
great grey whale, from 40 to 45 feet in 
length, which has the shortest and coarsest 
whalebone of all. More active than any of 
these is the humpback whale, which itihabits 
most of the seas of the world, and is one of 
the principal species sought by the modern 
whaler. Apart from the small triangular 
fin on its hack and its long flippers, designed 
for sireed, the humpback is distinguished 
by several rows of curious bony knobs upon 


whales that every now and then are cast 
upon the shores of the British Isles. Ror- 
quals varj' considerably in size, but they 
include among their number the largest 
species of animal that has ever existed 
in the whole history of the world, extmet 
animals included. This is Sibbald’s rorqual, 
also known as the blue whale, or "sulphur- 
bottom,” which has been known to attam 
a length of 120 feet. One of these, gigantic 
beasts that was stranded upon the coast 
of our own islands had a total length 
of 95 feet, with a breadth of 18\feet|:haqh 
of its fins was 12^ feet long. Its bones, 
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“when dried, were found to weigh 35 tons, 
while the total weight of the carcass was 
estimated at about 250 tons. The blue 
whales begin their lives as giants, being 
about 30 feet long at birth, and even when 
they are nearly 70 feet in length they are 
generally stiU at the suckling stage un- 
doubtedly the largest of all infants! The 
appetite of these leviathans is in propor- 
tion, and in the stomach of one blue whale 
were found six hundred large codfish, with 
an immense quantity of other food, for 
rorquals do not restrict their diet to minute 
sea life as do the right whales. 

Tti general, rorquals are more slender and 
more active than the right whales, and the 
larger species display amazing strength aM 
endurance. A well-grown specimen of Sib- 
bald’s rorqual, for instance, even though 
badly wounded, has been known to tow a 
whaling steamer with engines reversed for 
the best part of twenty-four hours. Fre- 
quently these great whales snap the tough 
harpoon lines as though they were thread, 
and make their escape ; and it is recorded that 
one blue whale, making its first dive after 
being harpooned, ran out nearly 3,000 feet 
of line within a minute, and ultimately 
escaped from its pursuers. 

The common rorqual is a smaller animal 
than the blue whale, and ranges through 
more southerly waters. Smaller still are 
Rudolphi’s rorqual and the lesser rorqual, 
attaining an average length of about 45 feet 
and 25 feet respectively; the latter species 
is distinguished by its sharp, beak-lilre nose. 
All these animals are occasional visitors to 
our shores, and aU of them are hunted for 
their blubber, oil and baleen, though the 
latter is inferior in quality compared with 
that of the right whales. 

Treasures from the Sperm Whale 

Of the second great group of whales — those 
that are provided with teeth instead of baleen 
— ^by far the most important economically 
is the sperm whale, or cachalot, which 
furnishes mankind with several valuable 
products. A remarkable feature of this 
whale is its enormous head, which occupies 
about one-third of the animal’s total length 
and terminates in a blunt, truncated snout. 
The lower jaw is comparatively small and 
narrow, and it is armed with about twenty- 
five peg-like ivory teeth on each side. There 
are no visible upper teeth, although they 
exist in a rudimentary state within the gum; 
and the sperm whale’s mouth is obviously 
not adapted for chewing, but only for seizing 


its sh'ppery prey, which consists of large fish, 
squids and cuttlefish. 

The enormous barrel-lilce head of the sperm 
whale — Icnown in the whaling industry as 
the “case” — is almost entirely filled with 
oil. This is ladled out of the carcass in 
buckets, and on cooling there separates from 
it the white, waxy substance known as 
spermaceti. The remaining fluid — sperm oil 
— ^is the most valuable and important of all 
the oils produced by whales, being used in 
the lubrication of delicate machinery. As 
much as twenty-four barrels of spermaceti 
and nearly a hundred barrels of sperm oil 
have been obtained from the head cavity of 
an. average-sized cachalot. 

Whalers consider themselves in luck when- 
ever their quarry yields some of the greatly 
jjrized ambergris. This dull grey, pleasant- 
smelhng, waxy substance is produced only 
in the intestines of the sperm whale, though 
occasionally lumps of it aro found floating in 
the sea. It is a morbid product — ^tho result, 
so to speak, of an acute attack of indigestion 
— and it often contains tho hard, horny 
beaks of cuttlefish that have been devoured 
by the sperm whale. Ambergris, which in 
medieval times had an honoured place in 
the menu of princes and wealthy men, is 
to-day almost exclusively used in perfumery 
to reinforce the odour of more volatile 
substances. More than £13,000 has been 
paid for a lump of ambergris weighing about 
260 pounds. 

Beaked Whales and Dolphins 

The curious beaked whales have both jaws 
prolonged into a tapering snout ; as a rule they 
have two teeth only, embedded in the lower 
jaw. In the species Icnown as Layard’s 
whale, these teeth, growing ste|||y|^ through- 
out life, curve over tho narrcrt^Tippor jaw and 
hamper its movements in a way that must 
be distinctly embarrassing to the owner, 
who not infrequently perishes of starvation 
through being unable to open his mouth! 

Of the important family of toothed whales 
known as Delphinidsc, or dolphins, one of 
the most common is the familiar porpoise of 
British waters, herds or “schools” of which 
can often be scon playing about off shore or 
following shoals of mackerel or pilchards, on 
which these active whales largely feed. By 
the people of the Middle Ages the porpoise 
was itself eaten extensively, being accounted 
no mean delicacy; but nowadays it is useful 
chiefly for its tough, leathery hide. The 
common porpoise averages about 6 feet in 
length; it has a low back fin and a rounded f 
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Killer Whale and Beluga 

cod-Iilce mouth, and its ear, situated just 
behind the small eye, is a bare pin-prick. 
It has numerous woll-do\'eloped teeth in 
either jaw. 

Another important member of the dolphin 
tribe is the beluga, sometunes called the 
white whale, since it is practically white all 
over. The beluga is a native of the cold 
Arctic seas, but it is fairly common in the 
River St. Lawrence, and specimens are 
occasionally washed ashore in the British 
Isles. The beluga rarely exceeds 12 feet in 
length, and it is one of the very few whales 


whose size permits them to be kept in 
captivity. 

Most of the whales we have described, even 
the largest and most powerful, are mild and 
inoffensive creatures, feeding chiefly on fish 
and minute marine organisms, and desiring 
only to be left undisturbed. Of a very 
diSerent character, however, is the formidable 
grampus, or Idller, one of the terrors of the 
deep. iSventy feet or more in length and 
of great strength and ferocity, the grampus, 
disdaining smafler prey, feeds voraciously on 
seals, porpoises and belugas, and many 
individuals will unite together in large packs 
to hunt down their quarry. The remains 
of as many as fourteen porpoises and a 
similar number of seals have been found in 


the .stomach of a single killer: and sn gi-eat 
is the terror of the smaller whales when a 
school of killens is on the prowl that they 
will fling themselves ashore in large numbers 
in an endeavour to escape the teeth of these 
remorsele.s.s enemies. It is said that the 
killer will not hesitato to attack even the 
huge fireenland right whale, but, catching 
it by the lip, drags it below the water, there 
to devour its great tongue. 

The la.st whale which wo shall describe is 
also one of the most remarkable. This is 
the narwhal, or “.sea unicorn,” which 


carries, projecting from its upper jaw, a 
long, straight and tapering tusk of ivory, 
marked with a spiral twist. This formidable 
spear is nothing more nor less than the 
narwhal’s left tooth, which continues to grow 
throughout life, eventually attaining a length 
of 8 or 9 feet, or about two-thirds that of 
the rest of the animal’s body. The corre- 
sponding tooth on the right-hand side is 
rarely developed but remains sunk invisibly 
in its socket . Except for these two teeth, the 
adult narwhal has no others in its head, 
though the young have several rudimentary 
ones, which later disappear; moreover, in 
the female both teeth axe invisible, re- 
maining almost invariably sunk beneath thq 
gum in an undeveloped state. 
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Narw'hals swim about in schools of twenty 
or so among the Arctic ice floes, where their 
food — laigely cuttlefish and small cruataoaana 
— abounds, but occasionally specimens are 
stranded upon the British coasts. 

The function of the narwhal’s curions tusk 
has been much disputed, though it is imirrob- 
aldc that it is used for fighting or for killing 
prey. In China narwhal’s tusks are ground 
up as medicine, and in Europe they were at 
one time prized as walking canes, while the 
ancient kings of Denmark are said to have 
been Clowned uiion a throne made entirely 
of tins strange ivory. 


xne oia wnaimg snips were stoutly built 
wooden vessels of about 350 tons burden. 
As soon as a whale was sighted the boats 
w'ere lowered in pursuit, each boat being 
equipped with about 400 fathoms of line, 
carefully coiled in wooden tubs. The whale 
Avas approached as .silently as possible, and 
at a fow yards’ distance the steel harpoon, 
razor sharp, wus cast by hand. Then came 
a moment of danger and excitement, for the 
huge animal, madiloned with pain and fury, 
would not infrequently turn on Its pursuers’ 
endeavouring to smash their boat with hlowi 
of its poAveifuI tail. More usually, however, 
U would “sound,” or dive, immediately it 
felt the harpoon, sometimes remaining below 
water for the best part of an hour ; or it would 
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set off al a great sx^ed in an endeavour to 
e.scape, the boats following and the lino being 
paid out very carefully, for tho least hitch 
might result in the capsizing of the boat. A 
powerful whale has been known to run out 
more than two miles of lino. When tho 
whale’s strength was exhausted, tho lino was 
gradually hauled in, and then the coup de 
grdee was giveir with lances. Having been 
pumped full of air to keep it afloat, the 
carcass was lashed to the side of the ship 
for the operation of “flensing,” or securing 
the blubber, oil and whalebone. 

Modern whalois u.se essentially the s'line 


their own. The body fa rotund and spindle- 
shaped, tapering rather sharply backwards 
towards the large and powerfully developed 
tail. The opening of the mouth is usually 
placed on the undor-side of the body, some 
distance from the tip of the snout, so that 
some species are obliged to turn upon their 
backs in order to swallow large prey. And 
it is rather a surprise to note that the bulk 
of the dreaded shark’s skeleton is not 
wmposed of bone, as we might expect, 
but of comparatively soft and yielding 
cartUago. ® 

Man-eating Sharks 

ferocious man-eating sharks are natives 
91 warm seas, where they ipay attaip ^ 



Sharks that Visit British Waters 
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length of thiity feet or more, though in 
regard to size they are far outclahsed by a 
somewhat uneommon speeies known as tlie 
chagrin, from the Indian Ocean, which is 
said to reach the prodigious length of 70 feet. 
This, again, would appear almost diminutive 
beside that of some ancestral sharks, for- 
tiinitely long since extinct and fossilized, 
which measured nearly 100 feet from nose 
to tail. Those fearful creature.s must have 
been extremely abundant, for large quantities 
of their enormous fossilized teeth arc quarried 
in Florida, to be converted into artificial 
manure. 

Sharks are greedy and voracious feeders, 
devouring enormous quantitic-r rd fish and 
other marine animiLs, and all too often 
wieaking considerable mischief in fishing- 
grounds. In (he stomach of a white shark 
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— a dicadeil man-cii(cr' — ^therc 
hin-e been found the remaims 
of a small sea lion weighing 
1(10 ijounds; while the related 
blue shark, though not directly 
harmful to man, may cause 
gre.'it loss to fishermen. Much 
to the alarm of bathers, this 
.-jpecies often appear.s off the 
coasts of the British Isles, but 
jt is comparatively small. seldom 
exceeding 6 feet in length. 
Another sjiecies common off the 


Photos Olko Wfbb BmTmn 
Barrier Reef kxpiaittom 

A91 spikes, spines and 
prickles, the Sea-urchin 
Is beautiful to some pur- 
pose, forltis this deienslve 
coverlug ablch saves It 
(rom being devoured by 
enemies. Top: Short* 
spitted Sea-urchin; l^tt 
Slate-pencil Sea-urchin ; 
bottom: Needle - splned 
Sea-urchins 
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Hammer-head and Angel-fish 




shores of our islands is the porbeagle, or 
Beaximaris shark, which may grow to 10 or 
12 feet in length, though usually it is much 
less. The porbeagle feeds on cuttlefish, 
herrings and pilchards and does not attack 
man; in the countries bordering the Mediter- 
ranean it forms a valuable article of human 
diet. 


An Original Method of Hunting 

The fox shark, or thresher, is another 
frequent visitor to British waters, and is 
regarded by our fishermen as a great peat 
on account of the havoc w'hich it causes 
to fishing-tackle and among shoals of 
fish. 

The thresher reaches a length of IS feet, 
much of which is contributed by its greatly 
elongated tail. Its method of hunting is 
ingenious and original. Beating the water 
loudly with its tail,' it swims in diminishing 
circles round a shoal of fish, until it has 
crowded them into a small space, completely 
at its mercy. In this way it devours enor- 
mous numbers of herring, mackerel and 
pilchard. 

The basking shark is a terror to other fish 
in the North Atlantic, for its remarkably 
large mouth is designed to seize a vast 
amount of prey at one gulp. This species 
reaches a length of 30 feet, and derives its 
name from its habit of floating with part of 
its back above the water, as though basking 
in the sun. Its liver has been known to 
furnish more than a ton of oil, which is 
employed in a variety of industries. 

'' 1 i 


Photo' Dr H. Schimil 

The Pennant or Wimple Plah (Bentochus macrolapidotus), 
a boldly-striped denisen of tropical Indian waters 

The numerous species of dogfish which 
swarm in most of the seas of the world are all, 
strictly speaking, sharks; and so is the 
fantastic hammer-head, which carries its 
eyes at the end of projections, or lobes, 
on either side, so that its head resembles 
a mason’s hammer. Another 
shark of peculiar shape is the 
angel-fish, which is flattened 
like a skate, and has its 
pectoral fins developed into 
voluminous wing-lilie append- 
ages, from which the creature 
derives its name. But it is a 
misnomer, for this drab, grey- 
ish fish is intensely ugly and 
has a rank smell of ammonia. 

Many of the sharks lay 
eggs, like the majority of 
fishes, but other species bring 
forth their young alive, often 
to the number of a score or 
more. In the egg-laying kinds, 
each egg is enclosed in an ex- 
ceedingly tough, homy sheath, 
which in the case of the dog- 
fish comprises the well-known 
“mermaid’s purse” that is 
found on every beach. 


Photo' Olho WM-Embury Barrur Reef Expeititoi 

extraordinary flah attaclica Itself to sbarli 
Ittmvels about vitli tbe shark and Uvea on acraps left by Its Involuntary bo 



The Sinister Octopus 


Prodigious Strength of Octopods 
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Antedon Jlo<ac«4, a gracetul native ot the Meditemnenni 
with arms Uhe living feathers 


As a rule, the teeth of sharks are exceed- 
ingly numerous and difier widely in shape, 
but in all species they are sharp and for- 
midable. They are arranged in rows to form 
a ‘‘parement,” and in many species as the 
first row of cutting teeth is worn down, the 
others advance progressively to take its place. 
The majority of sharks live near the surface 
of the water, but some species 
are at home at enormous 
depths, up to nearly 1,000 
fathoms, or well over a mile 
below the surface. Usxially. 
on being brought up from 
sixch abysmal depths, the sud- 
den diminution of pressure 
kills them instantly. 

For inspiring sheer horror 
and loathing in the popular 
imagination, the formidable 
shark is far outrivalled by the 
octopus, which, however, is 
actually a far weaker and less 
dangerous animal. The octopus 
belongs to the class of Cepha- 
lopoda, or “head -footed'' 
creatures, which hear a number 
of remarlmble arms or tentacles 
growing from the head. The 
body is enveloped in a muscu- 


lar sac, or “mantle,” and the creature has 
a short tube through which the .'.ea-water is 
expelled, after the air has been exlracterl 
fifom it. By squirting the water forcibly 
through this “funnel” the octopus and his 
kindr^ can impel themselves at a rapid rate 
through the water. 

Wonderful Suction Mechanism 

In the sinister octofius the arms reach their 
highest development. There are, of courae, 
eight of them; each arm tapers to a point 
and is provided on the underbide with a 
double row of round suckers, each of wlikh is 
operated by a simple j'et wonderful piece of 
mechanism. Once the sucker is in contact 
■with any object, the centre part is retraote<I 
like a pi-ston, and a partial vacuum is pro- 
duced, BO that the total grip of each arm, 
being multiplied with each sucker brought 
into play, is prodigious; in fact, the whole 
arm may bo tom off before the suckers will 
yield. In the centre of the octoims, at the 
part whence the suckers radiate, is placed 
the powerful, horny, wicked-looking beak, 
resembling that of a parrot. The octopus 
has two eyes, large and gUstening, and 
capable of assuming a ferocious expression 
when the creature is annoyed. Usually the 
octopus is of a reddish or neutral shade, but 
some species may be vividly coloured ; more- 
over, it is capable of amazingly rapid changes 
of colour, according to its surroundings 
and the varying inluence of temper and 
emotion. 

The octopus feeds largely upon crabs and 
other crustaceans, which, grasping them in 
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Protected by a tboroy armour — the PorcupiaePlsh which Is foaud In 
Australian waters 
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Three curious Inhabitants of the sea floor 

Top : BalleTt or Melo SboU (Me/o crmp/toro), BhO'vring 8h«U 
with mollusc extended while moving under water. Can u e; 
Deep-water Sea-star iOreoatar apeciea), Bottomi Sea Hare 


its relontlosa arms, it crushes to doalh wilh 
its beak. Its saliva coniains a virulent 
poison which instantly paraly-cs tlio victim, 
and the octopus thou devours it at its 
leisure. Its whereabouts are often betrayed 
by a hoa}) of broken cral) shells lying outside 
its lair among tho rocks. 

The common octopus is often mot with 
on the south coast of England, and in 
1899 and 1900 the Channel swarmed with 
them. This species may attain a diamotor 
of C feel, though usually it is much smallor. 
It uses a number of its logs for walking, an 
operation which it performs head downwards, 
and it often leaves tho soa to hunt for prey 
among the rock jiools. At such times it is 
said to be able to scramble over tho rocks as 
fast as a man can walk. In Spain and Ttal}' 
and other oountrios of tho Medi terra noaii 
this specios is used cxLonsivoly for food, being 
considered a groat delicacy. 

The Enemy of Man 

In the warmer seas of the world, esi^ecially 
in the Pacific, tho octopus may bo a terribly 
formidable enemy oven to man, attaining 
the enormous diameter of 30 foot, measured 
from tip to lip of its tontaclos. Nightmare 
stoiioB have boon told of Ibis io])ul8ivo 
monster and its silent, rcmorsoloss attacks 
upon sailors aiul travellers, whom it has 
dragged rosiatlessly to destruction in its 
steely tontaclos; and there are reasons for 
believing that not all such accounts aro nocos- 
sarily the product of an ovor-fucile or ovor- 
stimulatod imagination. 

Related to Iho octopus are the cuttlofishos 
and squids. The former have in general a 
somewhat flattonod, squat and oval-shaped 
body, with a narrow fin running along each 
side. At one end is tho largo head, bearing 
ten strong and active arms, coveicd wilh 
suckers like those of iho octo])u.s. Two of 
these arms aro modified in a peculiar way. 
They are much longer than their follows, and 
have club-like tips on which tho suckers 
are congregated. Those s])ecmlized arms, or 
tentacles, are ordinarily withdrawn into 
pouches situated below the cuttlefish’s largo 
eyes. The cuttlefish stalks its prey — ^jwawns 
and other small crustaceans — in a silent and 
crafty manner, and when it is within striking 
distance the tentacles are shot out with 
lightning rapidity to seize tho unfortunate 
victim, which is then clasped tightly by the 
shorter arms and crushed in tho cuttlefish’s 
horny boak. 

The outllefish carries his shell, or the relies 
of it, inside his body. It is the exceedingly 


Cuttlefish “ Bone ” and Sepia 


The Fotmidable Squid 
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light, brittle substance that considerate 
owners of cage-birds supply to their pets. 
Our great-grandfathers also used it, in a 
powdered form, under the name of “pounce,” 
to dry the ink of their voluminous letters. 

The Smoke Cloud of the Cuttl^sh 

The cuttlefish’s ordinary method of swim- 
ming is by an undulatory movement of its 
narrow fins, but if alarmed it can retreat 
backwards at great speed by lepcatedly 
squirting a jet of w'ater through its “funnel.” 
At the same time il pours out an inky fluid — 
a veritable “smoke cloud” — ^which obscures 


large and triangular, and it camiot retract 
its tentacles .so fully as can the cuttlefish. 
Moreover, the internal shoU, or “pen,” of 
the squid is distinctive, being a thin, gristly, 
yellowish -brow'll atrurturc, remarkably like 
a quill pen in apjiearance. 

In some species of squid the suckers hear 
sharp, horny teeth rouiirl their margins, and 
in others they have been modified entirely 
into sharp hooks for seizing prey. Other 
kinds,, that live in the depths of the ocean, 
carry their owui lamps with them and are 
literally blazing with phosphorescent light. 

Mention should also be made of the so- 



MonAxale 

The olght-armed Devil-fish, or Octopus, vrhose evil reputation Is probably worse than the creature descryea 


the water for some distance and confounds 
piirsners. It is this inliy substance that 
furnishes the artist ’s pigment, sepia. 

The common cuttlofish is frequently found 
off the British Isles. In some parts of the 
world it is used for food, and Italian fisher- 
men in the Mediterranean have a singular 
method of catching it during the breeding 
season. A female cuttlefish is towed slowly 
behind the boat, and the males that follow 
her are lifted out of the water, one after the 
other, with a hand-net. 

A typical squid, though resembling the 
eirttlefish fairly closely, has several important 
points of diflference. In general, its body is 
more elongated and graceful' its fins are 


called “fljnng squids,” wdiich are credited 
with leaping clean out oi the water for a 
considerable distance, during w'hioh perform- 
ance they ore not infrequently snapped np bj' 
sea birds. When their efforts have been 
aided by a heavy swell on the water, flying 
squids have been knowui to jump so high 
ns to land on the decks of passing vessels. 

Strangest, perhaps, of all the cephalopods, 
and certainly the most terrifying, is tho giant 
squid, which may attain a tolal length of 
neaily 60 feet. It is the longest of existing 
invertebrates, or baokbonoless animals. For 
centuries this fearsome brute had been 
occasionally observed by sailors, giving rise 
to many lurid popular accounts of the 
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“kraken” and the sea-serpent, which were 
believed to drag the largest ships to destruc- 
tion in their monstrous arms; but the 
generality of scientific men wore sceptical 
of the existence of these giant cephalopods 
until the latter part of the 19th century, 
when within a few years a number of speci- 
mens incontestably made their appearance 
in the North Atlantic. 

In 1875 a squid with tentacles computed 
to be 30 feet long appeared off Ireland, and 
two years later one was caught off Newfound- 
land that measured 44 feet in total length, 
of which the arms comprised 33 feet. Larger 
still was a squid which attacked some 
fishermen in Conception Bay, Newfoundland, 
in 1873. Estimated to be 00 feet in total 
length, it had a beak as big as “a six-gallon 
keg,” and the hinder part of its body was 
fully 10 feet across. The monster’s two 
longer tentacles were severed with an axe 
as it was trying to overturn the boat, where- 
upon it ejected such an immense quantity of 
iiik that the sea was darkened for two or 
three hundred yards around. A portion of 
one of the severed tentacles, 19 feet long, was 
preserved in the museum at St. John’s; its 


original length was estimated at about 3.5 loot. 
Fortunately, the hoirors ol the sea are more 
than outweighed by its varied wonder and 
beauty. In the rock pools and coral gardens 
there are gorgeously coloured polyps and 
anemones and fishes that dazzle the eye with 
their myriad tints; and in the cold, gloomy 
abysses of the deep seas, where perpetual 
night holds sway, cieaturos of curious form 
silently come and go, .shimmering with 
phosphorescence, lilco ocean liners with all 
their lights ablaze. 

Fish Outrival Butterflies 

In their fantastic shape and vivid colouring, 
many of the fishes of tropical seas outrival 
the gayest butterflies. Hero esijocially Nature 
as an artist has shown her master hand. 
But those gay clothes are not for idle show. 
Just as the spots of the leopard and the 
stripes of the zebra make their owners almost 
inconspicuous to victim and persecutor alike, 
so do the brilliant colours of fishes, broken 
uj) by bars, spots and jmtehes, harmonize 
perfectly with the vivid hues of the corals, 
plants and sea anemoires among which they 
spend their life. To such a high art is this 



Cm^tess of Australian Nationat Travel AsseeMUm 

Brllll«iitlr colonj^d flyhee of all shapes and alses aboond In the tropical waters ot the Great Barrier Reef, Queensland 



Vivid Colouting that Camouflages [ 36 ] Wondrous Beauty of the Wrasse 



Pkolo- Otho Webi Cmburv Barrier Beef Bxpedilions 
Ttie colouring at certain fishes often serves as on effective protection against enemies. Here Is a young Fllo-fisb 

confidently biding in a sponge 


protective coloration developed that some 
kinds of fishes will remove as evening ap- 
proaches to a locality tonmg more leadily 
with their colours in the fading light. 

Compared with many of the tropical fishes 
the charming goldfish of our aquaria seem 
almost drab and undistinguished. The Para- 
dise fish, for instance, which is kept as a pet 
in China and Cochin China, is of brilliant gold, 
banded with red, and has long trailing fins. 
The angel-fish — ^not to he confused with the 
ill-favoured relative of the shark, which goes 
under the same name— -has finny “wings” so 
long that they extend beyond its tail; it may 
be orange-red, sky-blue and gold; or simply 
black and gold; or again, bright orange 
barred with blue. Of striking form is the 
Moorish Idol, which hails from the islands 
of the Pacifio; it has a squat, compressed 
body and a long, heak-lilce mouth, and its 
dorsal fin is produced backwards far behind 
the rest of its body in a long spme. This fish 
is bright yellow, barred with black. 

Some of the wrasses are among the most 
splendid of all fish. They include the hog- 
fish of tho West Indies, painted a brilliant 
crimson; the Spanish Lady, in which vivid 


crimson is richly mingled with gold; and 
the “pudding-wife,” streaked with a lovely 
blue. 

In the coral pools oi Hawaii, Samoa and 
other Pacifio islands the wrasses reach tho 
climax of their lavish beauty; all shades of 
green from olive to emerald , the most heavenly 
blue, soft rose-red, crimson, pnrple and the 
brightest gold mingle in bewildering profusion 
— ^not garishly conceived, but merging deli- 
cately one into the other, like rare and 
beautiful tints in a masterpiece of oriental 
embroidery. 

Here is one with an olive-green body, with 
emerald fins edged with crimson, and a bright 
red tail, shading off to gold. Underneath, 
it has bands of purple and lilao, and its head 
is streaked with the softest rose. Another 
is spotted all over with black on a golden 
ground; its head is green, and its and 
tail turquoise blue, fringed with orange. 

The parrot-fishes from the Pacific shores 
ore scarcely less gorgeous. Their mouths 
curiously resemble the beaks of parrots and 
cockatoos, but their myriad hues put to 
shame the plumage of even these showy birds. 
Among tho most striking species is one clad 


Gobies and Blennics 
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'rhe vividly maiked mid coloured Andcl-fieh, with ito 
t ralllnft fins, 1& one of the most beautiful of all 1 ropical fishes 

oiitii’oly in bright, soft greon, as though 
wowght in Chine&o jado or oxquiaito eolation 
porcelain. 

In the same region, too, flouiish the moat 
splendid of the gobies and the blonnies. A 
particularly hantiHonio goby has a long, 
narrow body of vivid green, which abruptly 
gives way to blight scarlet on fins and tail; 
while a blenny chosen at random from its 
gJitleiing fellows is all of oolestial blue 
shading off to golden yellow at the tail. 

The beautiful sea anemones are aptly 


described by their Giook name of Anthozoa, 
or “flower-animals,” and to the nninfoimotl 
many of them would seem indeetl to be 
exquisite flowers. 

Tho anemone’s body comjirises chiefly a 
muscular hollow column which can be firmly 
attached to rocks by moans of a powerful 
suckor at the base. At the top it is sur- 
rounded with a fringe of tentacles, in the 
centre of which lies the animal’s nioutli, 
opening into that inner cavity of tho body 
which forms tlio stomach. 'The anemone’s 
method of reproduotion is curious.; tho eggs 
ai-e fertilized in tho hotly cavity, and tlie 
embryos swim about insido tlieir jiarent 
until they are ready tt) bt' liborafed through 
its mouth into tho sea. 

Hojp the Anemone Feeds 

Tho anomono uses its nmuenuis (ontaeles 
for Boizing its jiroy and cramming if into its 
mouLlr. but tiboy also consfilnto a imwcrlnl 
weapon of tiffenoe, for they are ciowded witJi 
Htingmg-colls whieli at tho slightest Itiiioh 
release a multitude of slt'udi'r, spring-like 
threads bathed with poison, 'rims a iaige 
Kca-anemono can sting as vigorously as a 
nottlo, and tho fate of any small sea animal 
is swiftly Hoalod onen it lias como into con- 
tact with tho ilowev-liko tcutaeh's. 

tS'ca-anoinonoH disifJay an oxtmordhiary 
variety of form and colour. Homo rcscmhlo 
largo tufts of coral or bunchos of soawoed, 
others are like trcH.scH of hair, or bundles of 
writhing snakes; and they run through a 
whole gamut of colours — blue, crimson, 
purple, yollow, orange and green, 'rhoir 



Photo Queemtniiil GoveiimenI Touii\l Dnreiui 

Tbelr endless variety ol form and colour make the lovely Sea-anemones Indeed the “Flowers of tho Sea " 




■P^o'o Noel Monkman 

Tba curiously marked Demoiselle Fisk emerging from a giant Sea-anemone 



Photo Olho Webb hvibur\ Bm net Reef BxpeiUums 

The giant Horseshoe Clam {Hlppopus hlppoptu) has gaily painted Jaws which form a trap of no mean power. Note the 
Btche-de-Merin theforeground; certain species of these Sea Cucumbers are regarded as great delicacies by the Chinese 
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habits are equally remarkable. Tlioro are 
certain anemones, for inslanee, that cling 
fast to the empty whelk shell inhabited, by a 
hermit crab, being cariiod about by the 
latter and partaking of its food; in letum, 
the anemone gives its partner the protection 
of its stinging cells aird probably makc.s 
useful contributions to the larder. So in- 
dispensable, indeed, arc these anemones to 
some hermit-crabs that on removing periodi- 
cally to a larger sliell they will carefully 
remove the anemone from their old habita- 
tion and replace it securely upon the now one. 

More curious still is the a.ssociaiion between 
the anemone and another small crab (Mdia 
ieasdaia) that iuhahiis tropical seas. This 
crab perpetually carries a living anemone in 
each of its two pincers, employing them for 
catching and killing its prey, which it then 
removes from their tentacles with its long 
legs. If deprived of thc.se obliging assistanls 
the Melia wanders about, restless and un- 
happy, until it has obtained other anemones 
in their place. 

The Naturalist's Paradise 

On the Great Barrier Beef, off north-east 
Australia — a veritable paradise for natural- 
ists — are many large and beautiful anemones, 
some of them more than a foot in diamoterj 
though in the waters of the Far East they 
may ho three times as big. One species on 
the Barrier Eeef is notable as being the 
home of a gay little orange-striped fish 


which lives actually in the body cavity of 
the anemone, passing out at intervals through 
its mouth to food and then returning in- 
taliihly to the shelter of its living house. Tn 
return for its hospitality, it jirobably acts 
as a bait to lui’o prey within reach of tho 
anemone’s tentacles. Another sjiccies of 
anemone entertains throe such tenants at once 
— ^two fishes of difrorcut kinds ami a prafm. 

Enormous Shellfish of the Burner Reef 

Mention of the Great Barrier Beef brings 
to the mind tho giant clam, Tridacnn gigaa, 
which makes its homo among these coral 
rocks. This is by far the largest of all 
existing bivalve raollusca — a mammoth among 
slielliish— its gigantic shell haviiig a span 
of about a yard, with a tvoight ot nearly a 
quai'tor of a ton. But the animal itself, 
which is edible, weighs only twenty pounds 
or so. Inside, tho shell of Q’ridaena is ]ntre 
white, but the ouksido is vividly eolourod to 
tone in with the bright weeds and corals of 
the Beet, and it is marked wWi bi'oad, radiat- 
ing ridges and flutings. The giant clam is 
very long-lived, and is said to attain an ago 
of from fit) to 100 years. 1’liough abounding 
on fho Great Barrier Boof, it is not peculiar 
io it, being found also in Malaya and the 
island.s of the Pacific. Tho two huge shells 
are often used to form basins and ornamental 
fountains, while the ancient inhahitanls of 
the Oarolino Islands were wont to fashion 
them into shai’p tools and wc'apons. 


CHAPTEB ir 

HOW MAN WORKS ON THE OCEAN FLOOR 


'THOUGH there are hundreds of shipwrecks 
*■ in the course of a year it is scarcely ever 
worth while spending money or risking live.s 
in an attempt to bring the foundered vessels 
to the surface. Of course, in the case of a 
ship which has been battered by a severe 
storm, and has broken up on a rock-bound 
coast, the vessel, even if it could be raised, 
would be worth little, although occasionally 
its cargo might he of some value. As a 
general rule, however, only ships which have 
sunk in shallow waters and which are known 
not to have been damaged beyond repair 
receive the attention of salvagers. Excep- 
tions are larger vessels which at Ihe time of 
disaster were known to have been oorrying 
bullion. To salvage such vessels thousands 
of pounds are spent: men risk their lives in 
the effort to locate their exact position in the 


sea and to bring their ju’oeious eai'go to the 
surface. 

No man can remain under tho water for 
long if he relies solely on his own natural 
breathing powers; bub the diver with his 
special suit can not only stay below for 
considerable periods but is able to move 
about and work in an upright po.sition. Even 
wore a man able to hold his breath for much 
longer periods, however, he would not ho 
able to withstand the pressure of tlic water 
on his chest, and because of this diving-suits 
wore invented. 

Everyone knows that tho atmos])hore 
around us exerts a pressure (14' 7 lb. to tho 
square inch) on all parts of our body, 
although wo do not notice it. Water is a 
great deal heavier than air — about 800 times 
as heavy, in fact — and at approximately 
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How the Diver Breathes 


()7J feet below the surface h man has to 
resist pressure due to a weight of 29 3 lb. on 
every square inch of his Dody. At 135 feet 
the weight on the whole body is about 37 
tons, just about nineteen times what he 
normally experiences In order to be able to 
insist this extia loading, the diver must have 
his lungs supplied with air at the same pres- 
sure as that exerted by the water around 
him. 

Most of the deaths that occurred in early 
(living experiments were due not to insuffi- 
cient air being supplied to the divers but 
to the enormous pressure of the water around 
them. It was not until experimenters 
realized the effect of those pressures that 
the difficulties were overcome. 

There are tw'o kinds of diving-dress: the 
rubber suit and the “shell” suit. The first 
practical rubber suit was invented by 
Augustus Siebe more than a hundred years 
ago, while the first practical “shell” suit 



did not make its appearance 
until 1923. 

The rubber diving-suit is 
made of rubber and twill and 
completely covers the diver 
from head to foot. His head 
IS enclosed in a helmet, and 
tightrubbor cuffskeep the water 
out of the sleeve holes. Air is 
pumped into the suit through 
an inlet valve in the helmet, 
which latter is also fitted with 
an outlet valve through which 
the bad air he hieathes out 
can escape. If the helmet were 
not provided with the relief 
valve, the pressure within 
w oulcl get greater and greater. 
All the upper part of the suit 
is kept inflated, for it is essential 
that the air pressnro on the 
diver’s chest should bo equal 
to the water pressure outside. 
The object of having the outlet 
valve on the helmet is that 
the diver is tree to bend, kneel 
or lie down while he is carrying 
on his work. If it wore placed 
elsewhere it might involve 
certain risks. 

This particular valve is made 
so that it can he adjusted by 
the diver — ^for the foUowmg 
reasons. While ho is breathing 
compressed air below the sur- 
face of the water, he is forced 
to mhalc very much mote air 



At -work on tb« sea-bed. A diver {orclnA his way through the eerie under- 
growth of a marine forest. Top Gutting through a metal obstruction 
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Rubber Suit and “ Iron Man ” 


than his body ^rould require in the ordinary 
way — that is, he is taking in much more oxygen 
and much more nitrogen. Under the great 
pressure he is unable to exhale all the nitrogen 
and some of this gets into his blood and is 
carried to the tissues all over the body. If he 
is under water only for a short period, the efFeot 
is not BO serious, but the longer he is submerged 
the greater the amount of nitrogen that gets 
into his S 3 r 8 tem. When the diver ascends to the 
surface tibe nitrogen tries to escape from his 
body but cannot be reabsorbed quickly 
enough by the blood ; if he rises quickly, it 
forms in his blood and tissues bubbles which, 
if they reach the heart, may cause death. 
Should they form in the spinal cord the diver 
develops wW is called “Diver’s Palsy”; and 
if in the joints, severe and exorueiaiing pains 
ocoui’, a condition Imown as “bends.” 

The diver, therefore, uses i.he valve to 
release as muoh as possible of the excess 
nitrogen with the air in hia diving-suit, but 
oven the opening of this valve will not 
altogether free him from the dangers just 
mentioned if ho comes to the surface too 
quioldy. When a diver ascends from tho 
depths it is always slowly and in dofinito 
stages, each with a halt between, to allow hhn 
to got accustomed to the changes in prossuro 
and to give him an opportunity of throwing 
oil the nitrogen absorbed in his body. 

To descend is a much easier matter for iho 
diver, for he may go down in ono stage. lie 
is very heavily weighted : as a rule he carries 
16 Ih. of lead on the solo of each boot, a 
^0 lb, weight on his back and another 40 lb. 
weight on his chest. This load in no way 
impairs his movements when ho is on tho 
floor of the sea, for he is not conscious of tho 
weight he carries; indeed, his chief care must 
ho not to take long strides, since if he does 
so his buoyancy will carry him too far. 
He has no difficulty in working quickly and 
expertly, and is not unduly hampered in his 
movements. 

The Diverts Telephone 

It is not possible here to give a dctailod 
description of the diver’s dress, but one other 
fitting must be mentioned. To the helmet 
has been added in recent years a conneotion 
for a telephone cable, and thus the divor is 
nowadays not only able to walk, uso his hands 
and work, but also to talk to those above. 
Tn the olden days his only means of communi- 
cation with those at the surface was by means 
of a rope, and his messages were very 
limited — ^restricted almost to signals indicat- 
ing that ho wanted to be pulled up. The 


telephone, of course, has widened fhc scope 
of operations for the divor, for ho is able to 
tell those above exactly what he is doing 
below and moreover can give and receive 
advice if anything goes wrong. 

Tho “shell” diving-suit was invented not 
because the rubber diving-suit had not proved 
efficient, but because man is for ever striving 
to improve on his previous records. In this 
case it is because he desires to go down to 
greater depths in tho ocean than ho has 
ever been before. In the rubber suit he has 
worked regularly on wrecks and brought up 
troasuro submerged 160 feet under tho sur- 
face, but now ho aspires to carry out routine 
work at twico that depth ; hence the need for 
a suit which can withstand tho greater 
pressure to which the diver would be sub- 
jected at those remoter levels. 

The “ Iron Man " 

Tho first workable “iron man” was made 
by a German firm, Noufcldt & Kuiiho, in 10211. 
The body and limbs of tho divor wore encased 
in steel of circular section with joints thair 
enabled the man to flox his limbs. In tho 
“iron man” suit there aro no inlot or outlet 
pipes, for at the back of tho upper part of 
tho shell there is a set of oylindors containing 
oxygon. Tho divor breathes tho samo air 
over and over again, tho exhaled gases passing 
through a special type of mask which absorbs 
tho carbon dioxide, and the air thus being re- 
vitalized with a supply of oxygon from tho 
cylinders. Improvomonls on tho “iron man ” 
aro oontinufilly being made, but it will hardly 
change a groat deal from its prosont form. 

When a divor is to descend ho is lowered 
straight down to his objective by moana of a 
steel cable attached to a ring. There is a 
tolophono cable fixed to the helmet. While 
the “iron man” has proved itself of gi’oat 
value for certain operations it cannot com- 
pete with the rubber diving-suit where 
aotuoJ manual labour is uecosaary on tho 
floor of the sea. Tho “rubber man” oaii 
do almost anything, but the “iron man” 
can do very little. Because the diver’s 
fingers are encased in the shell ho cannot 
pick up anything with them ; but ho has booir 
supplied with mechanical fingers which act. 
on the screw and pinion principle, and with 
them he is able to perform minor acts of 
importance. The one big advantage of tho 
"iron man,” apart from tho fact that tho 
diver can descend to greater depths, is that 
there is no need for the occupant to spend 
time adjusting himself to different pressures, 
since his shell is rigid and bo is not alfeotorl 
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The Danger of “ Squeezing ” 
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by the pressure of the water outside it. He 
can go up and down very quickly, and in a 
given time can pay several visits to a wreck 
where a diver in an ordinary holmeted dress 
could pay only one. A disadvantage, how- 
ever, is that the diver in the shell must 
remain upright ; the shell, being attached to 
n cable from the salvage ship above, is 
affected by every movement of that vessel. 
Such movements might lead to the cable 
folding some part of the wreck and becoming 
inextricably caught up in it. How useful 
the “iron man” has proved, despite these 
drawbacks, will be told later. 

Before passing on to wrecks and the manner 
of their salvaging, some dangers attending 
rubber-suit diving should be mentioned, ffc 
may occasion surprise that there is little 
danger from sea-creatures. What the diver 
fears most is being “blown up,” a mishap 
caused by his outlet valve being shut too 
tightly. Should the valve not be open 
sufficiently, his suit becomes too buoyant 
and instead of rising to the surface slowly he 
is shot up at a tremendous speed. If he 
comes up safely he is immediately sent down 
again in order to “decompress ’’—decompres- 
sion is the slow and gradual adjusting of 
pressure within to pressure outside the suit. 
Unfortunately ho may not arrive on the sur- 
face safely; his suit may burst, and if the 
attendant on board has not been watching 
carefully and has not pulled in the life-line 
quiclily enough, the rush of water into the 
suit will cause the diver to sink to the 
bottom almost as quickly as he came up. 



Diver about to descend In the **Iron Man from 
S.S. OtpMr In an endeavour to locate the torpedoed 
Lusitania, Ihe liner was found In 309 feet of water off 
the Irish coast on October 6» 1935 

Another danger to 
divers is known as 
“squeezing,” and this 
is far more terribJe. 
A diver may be work- 
ing on a wreck and 
possibly through care- 
lessness he may slip 
and fall, say, five 
fathoms if the man 
above has not been 
holding on to the life- 
line and air-pipe. 
Every square inch of 
the unfortunate diver’s 
body is immedialelv 
subjected to an addi- 
tional pressure of 
nearly 15 lb., and the 
volume of air in the 
diving-suit is halved. 
The helmet is rigid 
and cannot give way. 



Close view of the bead-piece of a deep-water steel diving-suit. Note the shoulder Joints 
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and in consoqnonce the diver’s body is 
crushed into it wit]! iorrifio force, if lie 
is not killed ho will certainly he terribly 
injured. The danger of life-line or nir-pijie 
becoming entangled with wreckage or with 
the hoisting gear is always a possibility but 
seldom occurs, since both diver and those 
above who watch over his jirogress oxoroisc 
the greatest care. 

The most romantic treasure hunt of this 
century was in connection with the salvaging 
of the Egypt. This vessel was a P. & 0. liner 
which in 1922 was rammed in a fog by the 
Eeim, a IVench steamer, and sank off Cape 
PinistciTC in 71 fathoms of water. A number 
of passengers and crew was lost, and the 
vessel took snth her to the bottom over a 
million pounds in gold and silver ingots and 
coins. The underwriters settled the claims 
for insurance and gave up all hope of recover- 
ing any of it, smcc no salvage operations 
had ever been cairied out at such n depth. 
IVIoreovor, they were highly embarrassed and 
not at all pleased at the nmnbor of inventors 
who came forward with schemes for recover- 
ing the bullion on the lost ship. Eventually, 
in 1923, a consulting engineer, 0. P. Sandberg, 
acting with J. Swinburne, designed a diving- 
shell to take two men and which it was 
confidently believed would at least bo useful 
in locating the wreck. 

Locating the Egypt 

In conjunction with a salvage company 
the ship Fritgof began its efforts to locate 
the wreck. The finding of a sunken ship is 
no easy matter, oven although the approxi- 
mate position may be known. However, the 
people on the Fritjof, believing they had 
located the wreck, marked the spot and 
returned to harbour to get ready the special 
apparatus for diving operations. There was 
some delay in obtaining this, and in the 
meantime the Sooieta Bicuperi Marittimi, 
an Italian firm which had begun to specialize 
in salvaging operations, contracted with 
Sandberg and Swinburne to locate the lost 
ship (1028). 

The method adopted was for two salvage 
vessels to move in a parallel course 
dragging a heavy steel cable along in the 
water between them. The ships engaged on 
the work were the Artiglio and the Rostra, 
and they spent a whole season searching 
for the Egypt without success. ^P^en the 
weather was again propitious for their quest 
the Aifiglio and the Rostra resumed the 
sweeping operations, and after many dis- 
appointments located a sunlcen vessel. A 


Salvage Difficulties 

diver who descended (n the iloor of tlio .sea 
in an “iron mail"’ found lhat the .sliq) was 
really tho Egypt. By means of his lolc])hono 
ho directed the AttigJw above, and liis iron 
shell was moved until lie was near enough 
to examine tho long-sunken liner. Visibility 
at that depth below tlie .sea was only about 
six fool, hut the diver could diseern, among 
other tiling.^, a small hydraulic crane; after 
a retut n to jiort, tho salvagers revisited fjio 
site of tho wreck and by means of a grab 
succeeded in dragging the crano to the 
surface, giving final proof lliat the first slngo 
of tho treasure hunt was ovi'r. 

Recovering Gold from the Egypt 

Tn the operations that now followed, tlie 
salvagers on tho Artiglio grailually began to 
obtain a clear idea of tlio iiosition and (letails 
of tho wreck holow thorn. With grajinols 
and grabs they tore thoir way through to 
tho captain’s cabin anil loscued his safe; hut 
the bullion room, which ran tight across the 
ship, was beneath the main deck, uhovo whicli 
were three other docks. • Before tliey could 
attempt to force thoir way t.lirough, tho 
stormy season had begun and salviigo work 
had to be abatidoned for the time. 

In Docemher 1930, before work on the 
liner bail resnmotl, tlio Artiglio nu'b witli 
(lisastor. She was carrying out the demolition 
of on American munition ship sunk during 
Iho war, and was Jiorsolf damaged by an 
explosion, with tho loss of three divers who 
had played a leading part in the work on tho 
Egypt. By June 1931, hovover, salvage 
operations hod been renowod, tho diver 
Raffaolli, who had been fortimato enough to 
escape the fate of his companions in tho 
disaster above mentioned, being in charge 
of tho work. By the use of bombs placed 
in position by the crow of tho Artiglio, who 
acted on tho instructions of the divor below, 
a passage was blown through tho Egypt 
imtil at last the bullion room was rcaohod; 
before any of the troasuro could he retrieved, 
had weather came on and put a term to 
further work until the spring of 1932. By 
June of that year, at long last, tho tireless 
Italians wore able to let the grab down inlo 
the bullion room. It brought uj) gold, and 
henceforth success was assured. 

The Lusitania, torpedoed and sunk off the 
Old Head of Kinsale in 1916, is Iho latest 
quarry of the salvagers. In tho autumn of 
1936, after three months’ search, tho veasol 
was located where she lay, 309 feet deep in 
the water. On tho salvage vessel Orphir was 
the former fourth officer of the I/usHnnia, and 
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The famous salvage ship ArtltUo from vihlch the search 
for the Egypt's gold was succesarony conducted. Stghti A 
dlvev being towered into the see en route for the nunhen 
liner 


all accessible information had been garnered 
about the position of the great liner at the 
moment when she met her terrible fate. 
The wreck was discovered by means of a 
recording echo-sounder. A number of times 
the Orphir was made to traverse the region, 
and each time the recorder showed the 
presence of a great wreck standing up some 
eighty foot from the sea floor. A diver in 
the “iron man” apparatus descended and 
found that it was indeed the ill-fated 
C'unarder that lay there. 

How the Echo-sounder Works 

Welded to the bottom of the exploring 
vessel were two tanks containing the trans- 
mitting and receiving apparntius, and the 
latter was coimected electrically to a record- 
ing instrument on the bridge. In the engine- 
room was a motor-driven rotary switch that 
continually made and broke contact, giving 
rise to sound impulses that were transmitted 
downwards to the sea bed. The echo from 
each impulse was picked up in the receiving 
apparatus and turned into an electrical 
impulse. After amplification the received 
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echo impulse was caused to move a sts'lus 
that rested on and marked the chart in the 
bridge recorder. 

The stylus altered its position according 



to the varitiiion in the time taken by the 
echo io arrive from the ocean lloor. When 
the ship passed over a hump in Ihe sea bed 
Ihc echo had a shorler distance to travel, 
and the mark of ilie stylus on the chart was 
nvircr the “snriac’c” line. Wlieu the vessel 
hid passed beyond the •cvreck the echo had 
lonaer to travel and the slylus descended 
lower. Ro the record of Ihe obslacle was 
shown graphically on the cliarf 

It IS not often I hat an entire vesstd is able t o 
be laised, or is of such worth that the ient 
IS attempted, but there are occasions on whieh 
an ('nterprise of tliis sort is carried emt 
I'robably the most amaxang exainjdea are to 
be ionnd in the laising of the (lennan 
baltle.shi])B scuttled in Rea])n Flow in 1!)10. 
After tlio fheat War tlioJO was a wjdespioad 
shoitage of jaw materials, and melals in 
jiaitienlar weie in great demajid. All niannoi 
of war material was bought ii]), aiul snob 
tilings as old warships, guns, InnKs, ote., 
were pnrehnsod and bioken n]) so that the 
materials could boused for industrial puipnses 
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Recorder which, when 
Installed fa a sUp, greatly facilitates the locating of sunhen 
even record the presence of a farge shoal 
"*■ by fhe recorder. 

It Bho wa flia p osition of a wreck-approxlmatoly 38 feot 
'if Oahham SHoals at 

the mouttof the River TOamea. (The eitplanatory wording 
has, of course, been added subaeqaeutly) 


An Amazing Utidcrtaking 

Among iion and steel mereliantM who 
woic engaged in this tiadovas K. F. Cox. of 
Messrs. Cox & Danks, Ltd.; after duo (on- 
siderntion he made the Admiially an offer 
for the Ooiman fleet , in all Homo thirty sliips, 
lying at the bottom of Reajia Flow, I’Ik' 
govoiiimont accepted his olh'r and ]i(' lK>g,in 
to make arrangements for bihiging the' ships 
to the surface. Tugs, salvagi* sliijis and the 
necessary machinery for raising the narsliips 
Mere installed near tlic ohjeelive, and included 
in the plant was a floating dock formerly 
used for testing subraarines. 'I'lu' dock was 
(lit in half, each half hoing 200 loi't long by 
80 feet wide, and fitted with sets ol 10-ton 
winches. It was decided that one of tlio 
smaller ships, the destroyer V 70, should be 
the first to be raised; accordingly the half- 
docks wore floated out to the sunken de- 
stioyer, and chain and wire cables swept, 
under her. The winches wore then imt 
into action and V70 began to rise. Unfor- 
tunately a weak linlc in one of the chains ga^m 
way, throwing additional strain on the other 
chains, Avliich in turn snapped, so that V70 
sank again to the hollom. Undismayed, 
another attempt was made, hut this time 
with wiie cables flattened •where they would 
have to support the destroyer. This time 
the latter was raised until its doeikH w'oro 
about 2 feet below the surface of the water, 
when by means of tirgs the ve.s8el was towed 
to the nearby island of Hoy and heaohed. 


A Wondetfal Achievement 


Raising Ships by Compressed Ait f 45 


One by one the smaller German warships 
were thus salvaged until at last only Htnden- 
buTg, Molfke, Seydhtz and Kaiser remained; 
but these were all much larger vessels, need- 
ing a different method of procedure. The 
first named, after efforts to raise her had 
failed, was for the time being abandoned; 
attention was turned to Moltke, wliich was 
610 feet long and feet in the beam, 
clothed for more than three-quarters of her 
length with 11 -inch armour. It was decided 
now that the comparatively new process of 


turn on its side. Effort after effort was made 
to correct tho tendency, but not until pait 
of one of tho raised destroyers had been 
lashed to the higher side of the ship’s 
bottom, the shiji’s bunkers on that side fiJled 
with water, and the weight of one of the half- 
doeks allowed to rest on it, was the tendency 
corrected sufficiently tor the vessel to be 
raised. Even then it w as inclined to lift bow 
foremost, but by releasing some of the air 
through a valve specially constructed at that 
point, Moltke came up at last on an even 



The relsfaift of the scuttled German battleship, the Koenti Albert, In Scapn Flow was effected by the use at compressed 
air. Here tbe vessel Is seen on the surlSce, keel uppermost, with the 100-foot nlr locks In position 


raising vessels by eompiessed air should be 
employed. Great difficulty was met with, 
because Moltke was lying 'ftith hov bows 
higher than her stern, and when the com- 
pressed air was pumped in, some of it would 
find its w'ay into the bows and the ship 
would not rise wdth its keel level. The 
vessel, it must be noted, was to be raised 
bottom upwards. 

In raising a sunken vessel by means of 
oompreseod air it is necessary that divers 
shoidd first go down into the ship and con- 
struct a number of compartments which can 
be rendered air-tight. Although this was 
carried out successfully with Moltke, further 
troubles arose because the ship tended to 


keel. Once it was laised, however, trouble 
was experienced by too much air finding its 
way into the stern-causing exactly the same 
trouble as before, only in the reverse direc- 
tion, so that the stern showed a tendency to 
rise and the bows to sink. Eventually, how- 
ever, this difficulty was overcome and the 
battle-cruiser towed into Eosyth. By similar 
means the entire fleet was salvaged. 

There are many ways of salvaging ships, 
and it may be said that no two are dealt with 
in exactly the same manner. If it is merely 
the cargo that is to be recovered, less 
engineering skill is required, since the object 
tiien is to open up the wreck so that bei 
freight is exposed and aooeasible- The raising 
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of a vesaol intended to be put into service 
again demands quite diffoi’ent treatment. 

One method of raising smaller ships in fairly 
shallow water is to send down water-tight 
casks which are placed in the hold by divers. 
This amounts to putting casks of air into tho 
vessel to endow her with buoyancy. A 
more elaborate metliod, and one which can 
he employed for raising larger vea.sels, is the 
use of pontoons — ^water-tight cylinders fitted 
with inlet and outlet valves. Thc.se are 
floated over the week in pairs, and hawsers 
connecting them are attached by divers to 
tho sunken vessel. If the latter is lying in 
fairly shallow water aileoted by the tide, the 
haw'sors are pulled as tightly as possible, 
then as the tide rises so do the pontoons, and 
the sunlcen vessel is lifted from the bottom. 
The i)ontoons are then lowed inshore as far 
as po.ssible until the week ground.^ again, 
and the same process repeated when tho tide 
rises next, until eventually tho vessel is un- 
covered sufficiently at low water for carrying 
out the necos.sary repairs. Where there is 
insufficient tide to raise the ship, a <lifIoront 
method is used: the pontoons are sunk by 
opening their valves and filling them uitb 
water. They arc then attached to tho sunken 
ve8.sel and the water pumped out of them, 
ffiving thorn buoyancy and causing them to 
lift the wreck as they rise. 

Perils and Profits of Pearl Fishing 

The object of pearl fishing is not so much 
to procure pearls as to obtain tho shell of 
the mother-of-pearl oyster. Though a single 
pearl may fetch several thousands of pounds 
in the market, and a ton of shell only f ISO or 
i!200, the mother-of-jJearl industry is none 
the less a groat deal more reliable as a source 
of wealth. The majority of divers engaged 
in pearl fishing are Japanese or Malays, and 
it is considered that of all the pearls dis- 
covered quite half are stolen by the finders 
themselves. 

The headquarters of tho industry is Thurs- 
day Island, oS the coast of Queensland, 
ijmall ships sail over the fishing grounds and 
naked divers dive into the water, gatlier tho 
shells and brmg them aboard. When the 
store has accumulated it is transferred to a 
larger vessel, which when it has a sufficiently 
large load returns to port. To a large extent 
naked diving, however, is being superseded 
— ^mainly owing to tho Australian goyern- 
ment withdrawing the licences of the Japan- 
ese^ divers. Owing to the great depths at 
which the pearl dbells must he sought, the 
, employment of the rubber-suited diver is a 


costly bu.sine5s, as he can stay down only for 
live minutes or so and yet, becauso (jf I lie 
necessity of slow dccompro.ssioii, it takes 
nearly an hour to lower him and bring liim 
up again, in shallower waters men are 
able, of course, to stay down much loiigoj-, 
and in tho course of that tiino lh(\y gather 
as many shells ns they can and phieo tliom 
in a net bag which is later drawn up to tho 
surface. 

Primitive Methods used in Sponge Pishing 

Although tho rubber-clad and holmotod 
diver is employed in sponge fislieiios, moic 
])rimitivo moiihods are still in use, ])ar(i(‘ularly 
in the Mediterranean industry. Hero boats 
are propelled over tho places where si)oiig('s 
are known to grow, and a nalanl diver enters 
tho water and gathers as many as ho can 
bofmo lising again to tho sinfacc'. Tilts 
method is not so simiilo as it roads. Wliat 
actnallj' luipiions is this: the divor si, antis in 
an upright imsition facing tho ]irow of Ihn 
boat wilh his arms cxloudctl straight above 
his hoad, in his hands is a largo ilat slono 
attached to a long ropo which is coiled u]> 
behind his heols; the ropo pa.s.soH througli a 
ring which is connected l)y a short chain to 
anothor ring round tho diver’s wrist; across 
tho man’s back is slung a not bag for voeoiving 
the sjiongos as ho collocts them. I’lio man 
divoH into tho ^rnlor, (ho slono aiding liim 
in Iris effort to roach tlio spot whore sponges 
have been sighted. As tho stouo lands on 
the floor of tho soa tho divor releases his 
hold of it; his arm with its ring slips up tho 
ropo, and he is able to walk or bond at will. 
With tho stono as a centro point ho eolloots 
all tho sixmgos round it, droiJS thorn into 
his not, and then oomos to tho surface, tho 
Btouo being hauled aboard after him. Tliis 
method is used whoro tho floor of tlio soa 
is unovon and sot with reefs, and whoro 
diving drosses are impraotioablo owing to 
the danger of air-])ipo8 becoming fouled or 
out through by the sharp-odgod rooks. 

One other Idnd of diving apparatus used 
in the sponge fishorios is wort,h recording. 
It consists of a bolt strairpcd round tho waist, 
from which is suspendod an air-bag con- 
nected at its lower end by an air-pqio to a 
pump on the boat’s dock. A conuoction cm 
the top of the bag is joined to a iloxiblo tube 
which is carried up tho diver’s back to a 
right-angle bend, and another pioeo of floxiblo 
tubing passes round one side of his nock to 
a mouthpiece which is cloiiohod fimrly be- 
tween the tooth and lips by the divor. A 
neck-strap supports the flexible tubing and 
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mouthpiece. This apparatus makes it possible 
ior naked divers to remain below the water sur- 
face for five or ten minutes without any harm 
and without the need of decompression. 

One of the most wonderful achievements of 
man in his activities beneath the surface of 
the sea is the submaiine cable. Sending a 
cablegram to America has become so common- 
place that few ever consider how the first 
.submarine cable came to he laid or how .such 
arteries of communication are kept in repair. 

The first submarine telegraphic cables of 
any practical use were laid between England 
and the European continent in the middle of 


that the project was not so impossible as it 
seemed. He travelled over to England and 
there got in touch TOth Charles Bright, who 
had already laid several other submarine 
cables which had proved successful. The 
result of this meeting was that a start was 
made in 1857 to lay a cable from Valentia 
in Ireland to Heart’s Content in Newfound- 
land, a distance of 1,640 nautical miles. 

Two wanships, the Agamemnon of Britain 
and the Niagara of tJic U.S.A., with one or 
two smaller vessels, were commissioned to 
undertake the task. The American vessel 
wus to take the one half of the cable and pay 



the 19th centmry ; but few could have thought 
that it would be possible to lay one across 
the Atlantic ocean, although it had been 
established by soundings that between 
Ireland and Newfoundland there was a 
natural plateau on the ocean floor that would 
make an ideal bed for a cable. Scientists and 
inventors for the most part considered the 
suggestion quite impraotioable since no ship, 
they said, could take the length of cable 
required even if such a cable could be made. 
Moreover, even were both these difBculties 
overcome, the stormy weather would make it 
impossible to carry out the work. Eventu- 
ally, however, C^us ]?id.d, an American 
business man, consulted Morse, the inventor 
of the telegraphic code, and satisfied himself 


it out into the ocean; and about half-way 
across it w'as to be spliced to the other half 
of the cable, lying in the hold of the Aga- 
memnon, which would then continue the 
process onward to Newfoundland. Nearly 
400 miles out of Valentia the cable snapped 
and the cable ships had to return and lie 
up for the winter. The following summer 
the same vessels made another attempt ; this 
time the cable was spliced in mid-Atlantic, 
and while one ship paid it out on its return 
to England the other paid it out on its way 
to Newfoundland. Again the cable broke, 
and both ships returned to Queenstown; but 
within a week a third attempt had been 
begun and this time it met with success. 

The feasibility of the project was proved, 



and although this first cable failed to function 
after three months, owing to technical 
difliculties that had hardly been foreseen, 
there was no question of abandoning tho 
venture. In 1866, the Oreat Edsferv, after 
one further mishap, laid a cable which 
functioned satisfactorily and endured.^ Since 
that time other cables have been laid, and 
between Europe and North America iherc 
are now twenty-one such arteries of com- 
munication through which niesaagos pass 
continuously, day and night. 


roughly whoreabouts I he dcf(*ct may lie. 
Delicate instriunonts moasiiro the electrical 
msistanco from each shore oud of the lino. 
Over another cable the cngincer.4 chock data 
and compare calculated results. The fault 
is located, bearings jfiotted on a cliaj't, and 
the cable shij) malcos for that particular s])ot. 
It passes over tho cable trac*k at. I’iglit. angles 
and, by moans of grapnols dragged over tho 
floor of tho sea, is al)lo lo i)ull up tho <‘ablc for 
inspection. Tho cable is cut and a lut'.ssago 
sent in both directions. 



Cniirtnv Pf thP <f P.0, 


On board a cable-ship: watching the pressure gauge, which must bo kept nt about 18 cwts. 


Special cable ships are constantly engaged 
in the repair and maintenance of tlio tele- 
graph and telephone channels between this 
and other countries. The Post Office and 
the private cable companies keep ships 
in pent ready to fare out to any spot where 
a breakdown may occur. Every great 
storm may be a potential source of danger 
to the cables, and these vital arteries must 
be repaired at utmost speed, for along them 
flows the life blood of commerce and industry. 

The ships are built for the work and 
have at their bow and stern large drums over 
which the cables pass when they are being 
paid out or drawn in, Should a cable cease 
to function properly it is possible lo tell 


Tho defective aide of the cable will fail 
to yield a ro-sponso, and tho HOund end is 
tlioreupon fixed to a buoy while the shi]) 
winds in tho dofoetivo Hoction, (csliug it 
from time to time. Onc'o contact between 
ship and shore is again eslablwlK'd over this 
part of tho cable, IJio dofoetivo length is out 
away and a now section spliced on io it. 
Tho cable ship then procoodM to tiu' htioy 
marking the other j)ortion of tho cubic anil 
joins the now piece to the latter. This done 
tho vessel proceeds with her routine work, or 
returns to port ready for anolhor oinergency 
call. Such is tho work of tlic oablo ships in 
maintaining raind communication botwoon 
north and south and oast and west. 
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Lure of the Far South 


CHAPTER IJT 

FROZEN SEAS OF NORTH AND SOUTH 


OUT hee holding nothing so ignominious 
and reprochfull, as inconstancie and 
levitie of minde, and tJerswading Inmselfe 
that a man of valour coulde not commit n 
more dishonourable part 
then for feare of danger to 
avoydo and shunne great 
attempts, was nothing at 
all changed or discouraged, 
remaining atedfaat and im- 
mutable in his first resolu- 
iion: delermining either to 
bring that to passe whicli 
was intended, or els to die 
lire death. " 

Tims Richard Halduyl, 
in li is i minor fca 1' ‘ Voyages , ” 
ile.scrihes with wonts that 
rend almost liko an epitaph, 
t.ho dauntless spirii. that 
animated Master Richard 
Chancellor in Ms perilous 
voyage through the un- 
charted Arctic seas towards 
the land of Cathay, in llio 
year of our Lord 10/53 ; and 
it is the same S])irit of grim 
courage and determination 
that has opened up the 
frozen .seas of either Polo 
to the eyes of men. 

Setting aside curio.sity 
and t.he thirst for ndveii- 
liire, the original motive 
leading to the exploration 
of the Arctic was a material 
one enough ; it was a know- 
ledge of the groat profits 
that could be made in 
foreign trade by the open- 
ing of a route tlirough the 
seas north of Russia and 
Siberia, to Cathay, or China,, 
and the opulent Indies. 

This had been the cherished 
dream of seamen and mercliant-adventurm'S 
flince the end of the 16th century ; hnt oy 
the year 1879, when the Hortb-oast Pass^e 
was finally made by Nordenskiald, this 
arduous route had become a matter oi 
only scientific and geographic^ °®- 

The seamen of Tudor England faded to 
find the North-east Passage, hut they failed 
brilliantly, and out of their brave endeavours. 


and also from their attempts upon a corre- 
Bpondmg passage to the west, sprang the 
beginnings of most of our present knowledge 
of the Arctic seas. 


The penetration of the Antarctic sprang 
from a somewhat similar motive; though m 
this case it was much tardier. From the 
16th century to the time of Captain Cook 
many people had a strong belief in the exis- 
tence of a huge “southern continent, or 
•‘Third World,” which was not only habit- 
able but mild in climate and richly fertile. 
In 1772-75 Captain Cook made his memor- 
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able voyages in the Antarctic seas and 
crushed the hopes of prospectors by showing 
that this region was little elso but a ban on 
mass of icc. Other explorers followed Cook, 
and their labours, together with those of 
infl-iiy nfiincloss 'wlifilcuH tiiid sBaloi'H of all 
nations, laid the foundation of om- knowledge 
of the Antarctic. 

Nowtirlays, even tlic moat stay-at-lionic 
nerson is ahlo to gam a good idea of the 


ice wnen ne aesignea rne rram, a vessel or 
enormous strength and with a hull so 
modelled as to rise above the ice sheet as 
soon as it felt the grinding jaws of the 
pack. The From rode in this fashion upon 
the drifting ice oontinuonsly for nearly three 
years, passing right over the North Polar 
basin from one side to the other and often 
■with a depth of water below her, -underneath 
the thin crust of ice, of more than two miles. 


This floating, drifting ico covers the greater 
part of tho Arctio sea, and has an area of 
nearly two-aiid-a-halt million H<[naro miles. 
Molting whore it moots warm currents, being 
ro-fonacd and reinforced by the ico from 
glacicg's and frozen rivers, it moves slowly 
but ooasolosaly from cast to Avost, io dis- 
integrate in Avarmor latitudes. 

"When ilocs of ico meet, a torriflo jiri'ssurc 
arises, Avhioh usually results in tho ice 
nto groat Immmocky masses, 
uore above tho vnitor. Ii’ro- 
ons of toinperatuni rosidt in 
ing detached from the iin- 
floating ico that eovers and 
North Polo; and anininls — 
or Polar bears — may bo 
isidorablo distaiieos on these 

Icebergs are Born 

d majestic icebergs have a 
. 'I’hoy are tho l>rokon-oit 
Avhich have made their Avay 
nd HO, unlike that of paek- 
10 Avati'i' composing them is 
teiors which food tho Polar 
lorgs are sloAV-moving but 
, of ico, comjiaetod from the 
i per]»etually on this mmiutain 
ling in Busponsion ouormous 
I'th, rooks and stoiios Avhich 
up in their jinssagc. 'riicso 
1 an onorniouH reserve of 
Koir activity — short of an 
proaso of temperaturo, avIiou 
r courso, ho ohangod iulio 
l‘r — ^is likely 1.o last for over: 
gor ol icobei’gs to navigation 
hat Avill ahvays have to bo 
•ater part of Groonlaiid, for 
8 of an ioo-oap with an ai’oa 
million square miles, with a 
iontro of nearly 6,000 foot; 
mass of ico acts as a never- 
to the glaciers that sm’round 
thrust their Avay into the 
't that Greenland is tho groat 
io icebergs. 

j-ti 1,110 iiuuarcbic aro found the mijghtiest 
glaciers jn tho'Avorlil. Tho South Polar 
regiop, though it may hold comparatively, 
a greater mass of solid land, as against tho 
floatitig ioe-oap that surrounds tho North 
Pole, yet has more than five million square 
miles of ice. Some of its glacior tongues may 
project thirty mflos into tho sea, as that 
of th^ Drygalski Glacier is reported to do. 
The groat size of many of tho, so glacier borgs 
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Beaiitlfal eiffects of riiorhln^ Wd evening light en tte great Ice jpaclcs of the Antarctic sfee? 
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can be realized from the faot that when in 
the autumn of 1911 a huge glacier tongue in 
Erebus Bay, Boss Island, broke ofE at the 
end, the detached portion, which drifted 
away to sea, was more than two miles in 
length. 

The formation of a glacier iceberg occurs 
in exactly the same manner wherever it 
takes place. The ice-river thrusts its groat 
nose farther and farther into the sea and 
usually much deeper than the level at which 
the ice, if free, would float. A terrific 


The Voyages of Icebergs 

portion that is such a serious menace to 
shipping. 

When an iceberg sails into warmer water 
thei-e is a rapid melting of the ice at the base ; 
tho centre of gravity is displaced and the 
berg — ^weighing probably many thousands 
of tons — turns turtle with tromondous 
violonoo, throwing lofty columns of water 
into the air. All icebergs disiutograto in 
time, as they encounter warmer seas — ^though 
in tlio Antarctic they may have a life of 
several decades — and l.hpy are continually 



TheshOTW otKainfiruJok Fjord, on the west coast of Greenlond. (from "Alfred Wegener's Last Greenland Exficdltian") 


upward pressure is thus exerted upon the 
tongue of ice, which eventually breaks off 
near the end with a heavy apla^ and a roar 
as of thunder. This the Greenlanders term 
the “ calving” of the glacier. Having found 
its proper level hi the water, the new iooberg 
floats away majestically upon the ourreat, 
while the glacier prepares after months or 
years to put forth another iceberg. 

A IftTM iceberg is a wonderful, if terrifying, 
spectade. In the Southern Polar seas they 
may rise, though exceptionally, to 700 feet; 
and yet it must he borne in mind that only 
about one-ninth of their mass is ever seen 
above the water, and usually it is the 
submerged and unseen but projecting 


throwing down upon the soa-hotfcom tho 
rocks and detritus gathered up, jierhaps 
hundreds of miles away, by tho glacier that 
gave them birth. But long before they come 
to oomplote destruotiou, largo portions of 
them are perpetually breaking away, with 
a splintering crash that ochoos among tho 
peaks and pinnacles of tho horg and can bo 
heard far and wide over tho water. 

Carved into oaves, crevasses, mountain 
tops and gullies, with oasoados of water 
streaming from theii- airy pinnacles and tho 
sunlight gleaming on their groat flanks— 
snowy white on tho ridges, deep blue in the 
shadows — ^icebergs provide such a perfect 
example of Nature’s magnificence that it is 
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H» J. S^fisfOiti 

Icebergs often take .Remarkable shaipes of 'wiilch these are typical ekamples. Note the 

■•Vlndow” in the lower one 
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easy to overlook llidr luoro sinister asjjoc.t. 
Yet on some shipping routes they arc a 
potential danger that never eoases, demand- 
ing an unremitting watch and an annual 
expenditiuo of thousands of pounds in order 
that travellers on the oeoan highways nuiy 
eome and go in ])cace. Though it ha]ipcned 
as long ago as 1912, few have forgotten the 
ealamity of the Tifanic, when an ku'borg that 
had drifted below its normal latitude caused 
the loss of over 1,500 lives in the North 
Atlantic. 

In 1913, jirompted hy the Tiianic disaster, 
the leadhig nations of the world united in 
taking active steps to obviate the ioohorg 
jjeril as far as possible. Tho result was the 
foimntion of tlio International Jeo Patrol, 
comprising a fleet of sloops belonging to aucl 
manned by the United Htates Coastguard 
Service and subsidized hy all those nations 
with an extensive traflio in tho North 
Atlantic. Tho porsoimol of tho Ice Patrol is 
drawn from tho finest and fittest typos of 
officers and men, and all 1 he assistanoo that 
science can offer is onlisied for the detection 
and destruction of dangerous. masses of ieo. 

In foggy weather tho temperature of the 
sea is frequently taken, any abnormal drop 
indicating tho neighbourhood of ice, largo 
masses of wliieh chill lihe water for a oousider- 
ahle distance; and there arc ,alfio' automatic 
alaiins which loudly call atteirlimi to a 
decrease of temporaturo. Tho ships of tho 
Ice Patrol are in constant touch hy wirele.H.s 
with all vessels in their vicinity, Toj)rrting 
the exact latitude and longitude of the 
bergs, with their course, speed and other 
details. The most dangerous icohergs aro 
repeatedly shattered with high explosives 
until they are so reduced in size as to offer 
little menace. 

Tabular Icebergs of the Antarctic 

The so-o£illed “tabular” icehcigs, which 
are so characteristic of the Antarctic and arc 
not found so frequently in tho Par North, do 
not originate from glaciers, hut are simply 
huge chunks broken from the floating table- 
lands, or “ shelf -ioe,” that surround tho 
Antarctic coasts. The groat Rosa Barrier is 
the largest known examifle of shelf -ice ; it is a 
vast floating tableland that stretches along 
the shore for 600 miles, with a breadth of 300 
miles, presenting to the sea an unbroken 
lofty wall of ioe in places 150 feet m height. 
This colossal slab of ioe, in extent more 
spacious than the North Sea, and with an 
average thiokness of 400 feet, floats gently 
upon the water, drifting slowly along the 


coast at llic rate of abouli one mil(' in a year. 
Another mighly example of shelf-ice i.s the 
Shaekleion Klielf, discovered I)y Sir Douglas 
Mnw.son, wdiieh oxtoiuls over a space esti- 
mnled to iiK'asuvo about 170 miles in lengtli 
and 150 miles in Avidth. 

SlioH-iee is nlmoist entirely composed of 
.sea ice, lioaijed up into a solid ('ake and 
covered with the eomjmeted .snow's of oen- 
turioH. From the Avater hi has all the 
a 2 )pcarauce of a glitlcring while landsea])C, 
carved up into hay.s, ]icaka, erevasses, deep 
eavorns and unassailahlo IjiidTs, .just like a 
coast of rock, fl’his bauior, as avo have seen, 
gives birth to tabular icohergs, which aro hy 
far the greatest of all, though they aro of 
little danger to sliipj)ing, since they seldom 
drift so far north ns Iho regular routes. Sir 
Douglas Mawsou ro])ortod a tabular iceberg 
forty miles in length, Avith a Iioigliti of 150 
feet, and there is reason to helioA''o that this 
size may he far exceeded; tho Aveighii of ihese 
giants must bo millions of tons. So mnnerous 
are icebergs — ^l)oth glacial and tabular— in 
tho Antarctic that IhouHands have been 
.sighted from a single ship in tho courso of 
a day. 

Hoiv Man Navigates the Vroxen Seas 

When man eneouuters ice in ils own vast 
leulms, round tho Poles of the earth, ho eau 
do little to subdue il ; lie can only humour it, 
keep it at arm’s length and bo forever on Ins 
guard. But Avhero its hold is Aveakor, it 
can he conquered AAith eom])arativ(' ease — 
crushed, broken in fragments and flung aside' 
hy the iron nose of the ii'e'lji’caker. The 
Russians, to whom it is of vilal iit'ee'Hsity to 
free their ioo-hound rivers and northern 
ports, have been tho ehiof ]>ioiieers in the. 
development of the ico-hroaker. 'riu' earliest 
ioo-hreakors were heavy Avoodc'ii vessels, 
strongly braced Avith iron, The first practical 
iron Amssol of this type, si cam-driven, Avas 
tho Eisbrecher I, launohotl in 1871, She was 
followed hy tho colehratcd Yermnle, designcrl 
hy Admiral Malcaroff of the Russian Navy, 
and built in 1898. This Avas a large boat, 
being 320 foot in length and very broad in 
the beam. She had a disjjlacomont of 8,000 
ions, and hor engines wore capable of 8,000 
horse power. Tho YemiaJe continued in 
active service for many years, though other 
ice-breakers were built exceeding her in size 
and poAVor. 

In 1928, when the airship Halia Avaa 
wrecked in the Arotio wastes, it avo a the 
Soviet ice-breaker Krassin, summoned from 
hundreds of miles away by wiroloHS, that 
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brought succour to the eight survivors, aften 
forcing her way for weeks, slowlv and surely, 
through the floating ice. The Krassm was 
a powerful vessel, capable of 10,500 horse 
power and oaiTying 3,000 tons of coal in hei 
bunkers. 

The majority of modem ice-breakers are 
designed on a very simple principle; the hull, 
besides bemg enormously strong to resist the 
thrust of the ice, has a gradual upward slope 
towards the bows, so that the ship’s nose can 
be run up on to the ice sheet in front of her, 
her great weight thus breaking large pieces 
from it in succession 


upon the passage from the Beiing Strait end; 
and in 1738 a party of Russians, sottmg out 
fioin Archangel, leached the mouths of the 
Ob and the Yenisei. Five years later. 
Lieutenant Chelyuskin made a ale<lge journey 
round the most northerly point of Siberia — 
the cape which now bears his name. Many 
other Russian attempts followed, in addition 
to those of other nations, resulting in a collec- 
tion of geographical and ficientific facts of 
immense value 

To-day the Soviet government is putting 
tliese marvellous results to iiractical account. 
Convoys of boats, led through the heavy floes 



Members of the croiv of a sailing schooner prepanng to blast a passage through pack*>ce in the Bering Sea 


On the Volga and on Lake Baikal, m 
Siberia, \\he*e for mouths the water is frozen 
to a depth of several feet, ice-breakers have 
been combined with Irain-fernes, the ice being 
.split and forced aside by the vessel’s sharp 
bteru-jjost and heavy hows These ferries 
play an important part in the connections of 
the Tians-Siberian railway. 

Ice-breaking vessels have played an indis- 
pensable rdle, also, m one of the most 
important enterprises of modern times — ^the 
opening-up to commerce of the historic 
North-easi Passage. The Russians have 
always been inteiestod in this potential route 
along their ice-bound northern coast, though 
the pioneer work of reconnaissance 'was left 
to the adventurers of other nations, including 
a succession of gallant Englishmen. In 1648, 
Simon Dezhneff, a Cossack, made an attempt 


by powerful iee-breakeis (prominent among 
winch IS the British-built triple-screw Lenin), 
thread their way along the Siberian coast, 
in the track followed by Nordenskiold in 
1878, and many hundreds of miles farther 
than the point where Sir Hugh Willoughby, 
the companion of Richard Chanceloi , 
perished in 1553 Aided by wireless, aero- 
planes and the all-important ice-breakers, 
they bear hundreds of seasonal workers to 
the Oh and the Yenisei, well within the Arctic 
Circle, wheie Eiussia is findmg a new souioe 
of wealth in the inexhaustible timber and 
fisheries of Sibeiia. 

Animals that Dwell in Polar hands 

Theie is little diversity to be found among 
the wild life of the more. desolate parts of 
either Pole, and the limited kinds of plants 





Life in Polat Regions 


[ 56 ] 


The Arctic Walrus 


and animals that do exist here have been 
peculiarly modified, as might be expected, to 
enable them to endure the severe conditions 
of temperature. Even seaweeds and alga* 
eaimot flourish in perpetually ice-covered sea, 
though in the more open parts of the Arctic 
seas, where the water is warmer and the 
sunlight unrestricted by fogs, both plant and 
animal life are plentiful, and hero are to bo 
found the main feeding-grounds of the great 
Greenland right whales. Trees are non- 
existent in both Arctic and Antarctic, though 
fossil trees have been found in the Far North, 
indicating a very different climate in the 
remote past from that experienced to-cUvy. 
The characteristic vegetation consists of 
mosses, lichens and fungi — all low forms of 
plant life — ^though in the Ai'otio long grass 
may abound, save on the ice-fields. Some of 
the mosses grow in groat tufts twelve inches 
or more in thickness, while many of the Arctio 
flowers are bright and beautiful. 

Animals that dwell in Polar Lands 

Large animals are abundant in the Arctic, 
though their vai-iety is restricted. The 
Greenland whale, the white whale (which 
sometimes falls a prey to prowling Polar 
bears), and the narwhal range as far as the 
extreme limit of open water. Seals are 
numerous and diverse; while in the Pribyloil 
Islands and Bering Strait are found the great 


noi-thern sea-lions and sea-bears, some of 
which may moasuro 10 fc(‘1i in length. 

Giant Carnivores of the Atretic 

Here, too, the exceedingly clumsy but very 
likeable walrus is found at home , it does not 
occur in the Antarotic. The walrus is one of 
the largest of all carnivores, th(> adult males 
reaching a length of from lO to 1 1 feet, or even 
more, with an extreme weight of well over 
a ton. It is allied lo the seals, to which 
animals it has a general rcsemhlanco, thougli 
it can readily he distinguished hy its onor- 
monsly developed canine tooth — ^the well- 
laiown “tusks.” Tn an adult male those 
may grow as long as eight('on Inches, hut they 
do not begin to appear until the walrus is at 
least a year old. Thoy form a v('ry powerful 
defensivo weai)on, which often is more than a 
match for the walrus’s chief enemy, the Polar 
hear. Their more peaceful fune.tion is for 
digging out of the sand the clams and other 
molluses on which the walrus largely feeds, 
after oraokfaig thoii- stony shells in his 
powerful jaws; and these* great toe'th nro said 
to ho used also for getting a good imruluisc 
on the slippery ground, when tlu'ir unwieldy 
owner hauls himsolf about the rocks and ice- 
floes. 

Like the true seals, as distinct from sea- 
lions and sca-hoai’H, the walrus has no (race 
of an external ear, beyond a small hob^ in the 
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Photo . the late //. G Pontw^ 

A Weddell senl with its young thoroughly enjoys being photographed i the lighter side of Antarctic exploration 


skull. Its eyes are small and perpetually 
bloodshot, adding to the truculence of its 
appearance. Its body is covered with tawny 
yollow hair, which may fall ofE in old age ; and 
from its muzzle grow many coarse, stiff 
whiskers, as thick as quills, which act as 
extremely sensitive organs of touch. The 
walrus can give voice to a very loud and 
terrifying roar, audible at great distances. 

The walrus produces one or two young 
ones at hirih, and the parents are very 
affectionate and solicitous towards their 
offspring, which are carried through the water 
on the hack of their mother. When, as not 
infrequently happens, the murderous appetite 
of tho Polar bear deprives them of their 
young, the ferocity of the old walruses is 
terrible to see, and they then display an 
almost human ingenuity iu their endeavours 
to force or lure the offender into the open 
water, where they are more than a match 
for him. 

The Walrus Posts Sentinek 

Walruses often foregather in large herds, 
sometimes on drifting ioc-floes many miles 
from land. It is a curious fact, first reported 
by Captain Cook, that no matter how som- 
nolent the whole herd may appear, there are 
always some sentinels with a weather-eye 
open for danger, who at the first sign of 
alarm awaken their neighhours with un- 
ceremonious prods of their tusks. This 


movement is repeated through the entire 
line, until all are watchful and alert. When 
alarmed or annoyed the walrus is said to 
draw back its lips, so as fully to eiqpose its 
great tusks, and to make a loud chattering 
noise with its teeth. 

HeUtits of the Great White Bear 

Like the walrus, the Polar bear also is 
peculiar to the Arctic Circle, never occurring 
naturally the south. With its thick, 
creamy white coat, its great size — seven feel 
or more from the nose to the root of the tail — 
and its alert and comparatively small head, 
it is one of the most handsome of all animals 
The Polar bear’s nose and tongue and Ihc 
inside of its mouth are jet black, as also are 
the soles of its feet; and the latter arc 
provided with short, film hairs which enable 
their owner to get a secure grip on the 
slippery ice. 

The Polar hear is a powerful swimmer, and 
it dives with elegance and aplomb. It is 
almost as at home in the water as it is on land, 
and the females have often been observed 
giving swimming lessons to their cubs, 
ducking them repeatedly and often belabour- 
ing them severely during the process. Until 
they are proficient enough to swim entirely 
unaided, the young bears are in the habit of 
holding their mother’s heavy tail in their 
mouths, and in this way ore towed along 
behind her. 


1 r.8 I 


Bold and Adventurous Travellers 

These ftioAi white beais are bold and 
adventurous Iravellers. They havo been 
observed on iceberj^s and drilling floes tar 
away from land and quite alone on iho 
desolate sea. Willhun Scoresby. the traveller 
and naturalist, onee saw a Polar boar calmly 
cruising through the open sea on a dotachocl 
sheet of ice, 200 miles from tho nearest land. 
It seems most feasible that these l)ear8 
(dianoe to ])e on the iee-o<lg<> or the nose of a 
glacier when it becomes detached from (ara 
fintia and is homo seaward, and so bocomo 
unw'illing Iravellors. At all events, they 
have been known to come ashoro as far south 
as the coast of Iceland, where, being veiy 
hungry after then’ voyage, they havo pro- 
ceeded to make free with the flocks and herds 
of their hosts. But it also scorns lileoly that 
these bears are capable of swimming astonish- 
ing distances on their own account, for they 
have been seen forging through tho open sea 
as much as 40 miles from land, with no 
floating ice within sight. The motive that 
prompts theso daring expeditions — ^uule.sH it 
be a sort of wandorlust — seems to ho quiliC 
obscure. 

On land tho white bear is very active and 
can cover tho trcacheroirs ground with gro;vt 
swiftness, so that it is a dangerous opponent 



Photo i Sadenstftoher 
The Polar bear Is a strona swimmer and Is equally bappy 
In the water and on tho ice and snow 


How the Polar Beat Traps Seals 



I'lio'o t Iht fait: If. G. Pontine 


Among the sparse tuima of Iho Polar Regions Is tho skua, 
n species of Oull. This wpck-olcl chick was found wllli 
the eggs In a nest In tho Antarctic 

to oneounter. It sei'ins, also, to bo highly 
intelligent, and oxjilororH have told romark- 
ablo storio.H of its manifold feints and 
Hubtoifugos when ongugod in stalking a man 
— ^liow it will pause and alToet to rolreivt fir te 
bo interested in something entirely dill’orent, 
at tho same time attenqiting to cut oJT its 
quarry from safety. 

Equally ingenious is its method of tra])i)ing 
seals, whioli observers havo repeatedly 
vouched for. Marking down i rom a far a seal 
that is slcojiiug or resting by the wuler’s 
edge, tho hoar aiiproaelies it uusceu and 
with noiseless tread, then diving swiftly into 
tho water near by, comes up just in front 
of its prey, Tho seal’s rotront by water 
is thus cut off, and siuee it can only move 
slowly on land, its fate is a foregone con- 
clusion. 

The Polar boor roapoets tho powerful 
wahuB as tho only wild enemy in the entire 
Arctic waste who can engage with him on 
equal terms; and, avoiding closo quarters, 
it is said he adopts the cunning practice 
of rolling heavy boulders from above 
on to the walrus and so crushing him to 
death. 

Polar bears live oliiofly upon seals, fish, 
birds or any live thing that comes to hand, 
but they will jiist as readily devour seaweed, 
grass and berries, or ovon tho rotting car- 
oasses of whales and tho tents, boots and 
medical stores of explorers. They aro tholn- 
selves hunted and oaten by the Eskimo, who 


The Polar Bear as Food 


[ 59 J Flightless Penguins of the Far South 


regard their flesh as a great delicacy. Their 
fur and liido are made into clothes and ropes, 
while thdr intestines form excellent window- 
panes. 

During Julius Payer’s Arctic voyage of 
1872-74, large numbers of bears were killed 
for food, and it was discovered that their 
meat was eilective in keeping at bay the 
dreaded scurvy. The bear’s liver, however, 
is said to be highly poisonous to man, 
though dogs may oat it with impunity. The 
male Polar bear roams at large throughout 


differing widely in size and marking. Being 
aquatic birds, they all have webbed feet, 
and when standing slid in their cliaractei- 
istic upright, “human” pose, plant them- 
selves well back on their heels. Tiieii plumage 
consists of a smooth coveiing of short, 
close-growing featheis of iieciiliar structure, 
and the head is small and elongated, with 
a large bill. The penguin’s most peouliai 
feature, however, is its aborted wings, 
which with countless generations of disuse 
have lost their quills and the power of 



A group of penguins — dignified as ever — at Cape Royds, in the Antarctic 


the bitter wmter, specimens being found 
in every part of the vast ice-cap; but 
the female hibernates dviing this season, 
scraping a comfortable lair deep beneath 
the snow, in which in duo time her cubs will 
be born. 

Comical, yet Dignified Penguins 

The most characteristic of all the fauna of 
the Far South are the comical, flightless pen- 
guins, which are peculiar to the southern half 
of the globe, and never wander north of the 
equator, though they appear as close to it as 
the Galapagos Islands. There are many 
species of penguins, all more or less closely 
alike in their structure and habits, but 


flight, though they Lave beon modified into 
excellent balancing organs and swimmmg 
paddles. 

Penguins congregate in large colonies, some 
of which, it is reckoned, may contain the best 
part of a million birds. Individually they 
are garrulous birds, and the chatter arising 
from a numerous colony is beyond all con- 
ception. Though the female lays but one egg 
at a time, and though seals and sea-elephants 
wrealc enormous havoc among them, yet 
they seem undiminished ia numher. Sir 
Francis Drake’s companions killed more than 
3,000 penguins in one day in the Straits of 
Magellan, so xilentiful weie they and so- 
un&oid of man 


Amusing Habits of the Penguin 


Futute Playground of the World? 
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Penguins seem more aL home in the water 
than on land, and they are iucomparablo 
diveis, catching fisli with an unfailing pre- 
cision of aim. They arc the most amusing 
and most “human” ol all birds— urbane ami 
courteous in their demeanour, meeting 
strangers with profuse bows and friendly 
nods; yet, withal, invested with a dignity 
that nothing can disturb. Concerning their 
intelligonee, opinion has been divided, but it 
is ceitain tliat they evince a high degree 
of curiosity. Sir Douglas Mawson watched 
them labouring to build their neats in an 
overpowering gale in Adelie Land. After a 
while, mstcad of persisting miintelligoutly, 
they gave uji the attempt as hopeless and 
crouched behind Iho rocks to await fairer 
weather. They have been observed to make 
tours inland in comiiany, for the sole object, 
appaieiitly, of satisfying their curiosity. 
The manner of Ihoir rotuin to tho sea wlwni 
in a hurry is highly amusing; they skim 
down the snoAv-oovorod slopes and ridges 
head-fir.sl, in tho manner of a toboggan, 
getting up a great speed by working with 
their foot and flippers. 

Tho moat handsome of all these birds Ls the 
emperor penguin of tho Antaretio mainland, 
which may stand as much as four feet in 
height, with a weight of nearly a hundred 
pounds. The single egg of tho emperor 
penguin is laid upon tho ico, which may liavo 
a temperature of 60 degrees to 70 dogree.s 
Fahrenheit below zero. To prevent it from 
being frozen, the parent birds in turn support 
tho egg oil the web of their foot and cover 
it with the loose, pendulous skin of their 
large abdomen. When tho young chick at last 
hatches out, the same method is employed 
of protecting it from oontaot with tho ice. 

The Adelie Land Penguiu 

The Adelie Land peiiguui, the only other 
species found on the main Antarctic con- 
tinait, is smaller and less dignified tliau 
the emperor penguin. The unconventional 
family life of this species has been graphically 
described by Mr. J. Gordon Hayes in 
“Antarctica.” 

“The scouts appear on the Ross Sea 
coasts [from the floating pack-ice] in October, 
being followed in about ten days by the main 
body. They scratch a small hole in the 
gravel,^ if possible, and select stones for their 
nests, in which they lay two eggs, the second 
soon after the first. The month’s hatching 
then begins. The parents take it in turns to 
go into the sea for shrimps, until the chiokens 
gel too big for one parent to cope with their 


prodigious appetites. BoDi parents then go 
fishing, while other adult birrls each guard 
twenty or thirty chickens from tho slnias. 
The strongest ehiekens got most of tho food 
by chasing the jiaronts on Iheir return, uni, 11 
they ilisgorgo. ...” 

The breeding sca.son is over in February, 
and then tho parent Iiirils swim north- 
wards in great nnmhors lo their winter 
quai-ters among tho iloaling pack-iee. 
Tho young birds, who me.uiwlule Iiavo 
cliangod tlu'ir thick, llulTy down for their 
adult dross— discarding it in shi'cds soiue- 
whal like Iho moulting of a serpent — aro 
loft to fond for tliomsoivos, until they feel 
strong enough to take to tlio ojion sea, 
Avhon they sot ol! in jnirsuit of their 
IMirouts. 

Can the Polar Lands be Coloni%ed ? 

It is very doubtful whollior tlie hinds 
fringing tho Polar .seas can cvct be eolfuiizwl 
by man to a sullieient extent lo ho profitable, 
for uiiart from tho oxtrome cold - Iho tern- 
ponituro rarely rises higher than 50 degrees 
Falirenheit below zero, and ofti'u falls mucli 
lower— by far tho greater part of the soil is 
ice-bound and barren. But it seems quite 
foasiblo that the Antarctic, at l«a.st, whore 
tho climate is drier and more endurabh' 
than that of tlu* Far North, should in lime 
become one of tho greatest playgrounds 
of tho world, to which jioojilo will Hock in 
search of hcnltli and pleasure amid tho most 
magnifieont scenery in oxistoneo. lufi'cl ions 
diseases aro unknown in tho F'’ar Houth, 
for tho air is praetioally aseptic, and it 
has hcoii ilesoribod as more exhilarating than 
champagne. It is so clear that from a siuglo 
point one can look over 300 miles of country ; 
and so still that tho normal tones of tho 
human voice can ho hoard more than a mile 
away. In summer time, tho erystal-eloar 
atmosphere, the absoiioo of wind and tho 
reflection of tho sunlight from tho white 
landscape often molco it hot enough to bo 
uncomfortahlo, ovon though tho ground 
temperatuTO be many degrees holow freoziug- 
point. Above all, jicrhaps, it is in Iho 
pageantry of its stage-lighting that tho It’ar 
South is supremo. Tho doop translucent 
blue of the sea; tho rainbow tints of refracted 
sunlight shimmering on tho ico and snow: 
clouds iridescent with all the colours of 
the spectrum; golden sunsets that ondiu’o 
for days on end ; mock suns, mirages, and tho 
vast, ever-changing panorama of tho Southern 
Lights — all these aro things to marvol at 
and to hoard in the memory for ever. 
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CBAPTER IV 

FLOATING MARVELS OF LUXURY AND SPEED 


TN 1812 James Bell, the Scottish engineer, 

built one of the earliest steamships, the 
Comd, which was the pride and wonder of the 
Clyde. To-day, from the Clydeside comes 
the largest and most powerful ship in the 
world, the Queen Mary. So tremendous 
have been the strides in ship construction in 
a little over a century that could the Gomei 
be placed to-day on the Queen Mary’s upper 
deck, its total length would be found to be 
only one-third of the deok-vidth of the 
world’s greatest liner! 

Mechanical Developments 

It was in 1785 that James Rumsey, one 
of the very first experimenters ivith steam- 
ships, drove a small boat under its own steam 
power on the Potomac River in America, at 
a speed of four miles per hour. The next 
century was one of tremendous mechanical 
developments, and it was soon realized that 
the steamboat had far greater possibilities 
than Just continuing its original use of towing 


sailing vessels or barges along canals and 
rivers Various methods of steamship 
propulsion were tried but the most popular 
for many years was the side paddle- 
wheel. 

Early Transatlantic Services 

Six years after the appearance of the 
Comet, the Savannah, a sailing vessel fitted 
with paddle-wheels and steam-engine, crossed 
from her name-j)ort in South Georgia to 
Liverpool in twenty-seven days The engine 
and paddle - wheels were in operation for 
eighty hours only during the voyage But 
in 1826 a Dutch vessel, the Curacao, of 438 
tons, which was entirely dependent upon 
engines and paddles for 2 )ropulsion, made 
the first genuine steamship trip across the 
Atlantic. She was built at Dover, and her 
first passage to the West Indies on the 
Dutch mail service took a month The 
Boyal William, a steamship built in Quebec, 
made an eastward crossing in 1835, and 



The testing tank at the Nattonal pbysicai laboratory, TeUdJngton, where the effects of sfress and strain “ 

Is recorded and much other data collected which ts Invaluable to the designers and builders of great sea-going vessels 


Cvinard’s Wooden Ship 
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ship owners began to dream of regular steam- 
ship services across the Atlantic. 

The first steamshi)) built fipeoifioally for 
transatlantic travel was the Great Western, 
a vessel of 1,320 tons that was oonaiructal 
to the design of I. TC. Brunei. In 1838 this 
ship made the journey from Bristol to Now' 
York in fifteen days, arriving at that port 
cl few hours after her rival tho iS'fntw, which 
hud sailed from Cork in Ireland three days 
previou.s to tho Oienl Western's departure 
from England. 

Birth of the Cunard Line 

It was not until Samuel Cunard in 184.0 
took the bold atop of building four sister 
ships that a rogiilar transatlantio service 
could bo offered to the public. A company 
was formed with a capital of £270,000 and 
the contract for carrying mails was secured. 
Canard’s four ships wore built of wood; 
each was 207 feet long, and carried 116 
cabin passengers and 226 tons of cargo at 
an average speed of 8i knots. Tho first- 
built of tho quartet was tho Britannia, 
1,160 tons; but for aiiood she was ocliiised 
by the Acadia, which made a westward trip 
at 0'26 knots and tho return voyage at 


10 -76 knots. Those ships w'oro not tho fastest 
in their day, hut tho regularity of tho sorvieo 
compensated for their somewhat slower 
journeys. 

For some years tho voodon Guiiardors 
luul a large share of tlio transatlantic trade, 
imt in 1847 American shijiyards began to 
build .s]ieodior and more eomfortablo iiaddli*- 
Hhijw. Tho American veasol Adrialir, built 
in 1851, of 5,888 tons gross with engines 
of 4,000 i.h.p., was eapalilo of a .sjiewl ot 
131 knots. With Iho inlroduetion of a 
screw-ship for tri^nsatlautie work by the 
tJ.S. Inman Lino, coinpotition hotwoeu that 
company and tho Cunard Lino in tho ’sixties 
became very keen. 'I’lio Inman Lino (Utij of 
Brussels hold tho record with a sjiood of 
14-00 knofcs eastward in 1807. 

The White Star Line 

A yoav or two lator another rival oonqianv 
appeared on tho scone. This \Yas iho White 
Star Lino, wdioso ship.s wore built by Ilarland 
and Wolll of Bcliasii in Ireland, laixury 
and comfort for passengers was tho main 
olijcot of this now servii'c, speed being a 
secondary eousidoraiion, nlilumgli (he vessi-ls 
were' soon outbidding tho OunartU'rs in 



T Mauretania, lioWer of the Ulne Riband of Ihe Atlanllc for 30 year 

leaving Sonthampton on Jnly l, 193B, tor Roeyth, there to be broken up. Since W07 etae had eloamedslsoo'ooo 

between England and America 
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Th« S'cal transatlantic liners are often called on to make a rapid "tumroundr" Here 
la the Aquitanta at Southampton completlnS a full replenishment of stores and 
fuel In VH hours 


Twin-screw Steamers 


speed rivalry Avith 
the Inman Line. 

The White Star 
Britamic )>roke the 
record for the east- 
ward trip in 1876 
with a speed of 
16 knots. The fol- 
lowing year both 
Britamic and On- 
manic, 'H'itli a speed 
of 1 5 • 5 knots, 
soenrod the reconl 
for the run wcslAvard. 

By 1889 the con- 
test lay between four 
new ships — ^the White 
Star’s Teutonic and 
Majestic, and the 
Inman Gity of Paris 
and City of New 
York. All were 
propelled by twin 
screivs, and the 
comfort of passengers 
was a major considera- 
tion. In 1893 the 
City of Paris made 
a Avestward trip with 
an average speed of 
21 knots. The best 
that the Cnnarders 
could do was a JiUle 
over 20 knots. Four 
years later the North- 
German Lloyd com- 
pany launched the 
first of a fleet of luxui’y ships. Their Kaiser 
Wilhelm der Orosse was 649 feet in length, 
and it was not long before she took the 
Blue Riband, making the eastAvard trip at 
an average of 22'8 knots and the run west- 
wards at 22-7 knots. 

Meanwhile the Inman Line had relinquished 
the contest, leaving the White Star, Cuuard 
and the North-German Lloyd linos to com- 
pete for the Atlantic express traffic. 

With the financial assistance of the British 
Government the Cunard Line built the 
I/usitania and Mauretania, Avhioh AA'ere 
launched in 1907. The former was built 
on the Clyde and had an overall length of 
787 feet, a beam of 88 feet and a total depth 
of 60^ feet. Her displacement was 41,690 
tons. The greatest interest in both ships, 
however, was centred in the enormous 
turbine engines, of 76,000 h.p., that turned 
the foiAr sarew.s. The Mauretania was built 
on the Tyne, but differed only in minor 


points from her sister ship. For seven years 
the German-built liner Devlschlancl, launched 
in 1000, had been undisputed mistress of 
the Atlantic when the Lusitania made her 
maiden voyage. Then, with a speed of 
23-61 knots per hour the English liner broke 
the DeutschUind’s record of 23 knots. Two 
years later the I/uaitania brought her average 
westward speed up to 25-01 knots. But the 
Mauretania, once she got into her stride, 
proAmd faster than her sister ship, making 
m 1900 the eastward journey at an average 
of 25-89 Itnots and the return run at 26-06 
knots. The journey from Cork to Noav York 
was covered in four day.s, ten hours and 
forty-one minutes, n record unrivalled for 
twenty years. As time w'ent on, the 
Mauretania's performance improved, and 
Avhen tw'enty years old she steamed to the 
rescue of a cargo ship at a speed of 29 knots. 
In 1929 she made a westward crossing at an 
average speed of 27 knots. When first put 


Germany’s Huge Liners 
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into service these voasols consumed 1,000 
tons of coal per day. In 1 919 the Mauretania 
was converted to oil burning. Lusitania 
was torpedoed and sunk in 1916. 

Just two years before the Great War the 
Hamburg-American Lino, owners of the 
Deutschland, answered the challenge of the 
Cunarders by laying down even bigger ships. 
Great speed was not aimed at, but luxurious 
appointments and hotel comforts were pro- 
vided in order to attract cabin passengers. 
The first of these vessels was the Iinperator 
(since the War the Cunard Berengaria), with 
a length of 906'7 feet overall and a beam of 
98-3 feet, her gross tonnage being 52,220. 
The second ship was tho VaiPilawl (later the 
Leviathan, belonging to tho U S. Jine.s), which 
was 950 feet long over all and had a gross 
tonnage of 48,943. The third liner, the 
Bismarck, now known as the Majestic, is 
six feet longer than tho VaterUmt, and has 
a gro!3s tonnage of 60,621 . 

Tho Groat War mtorrupted tho building 
of luxury liners as well as causing the loss 
of several of them — notably the Lusitania. 


After the Wur new ships were constructed, 
the Cunard lino producing live comfortable 
20,000-lon voH.scls and tlio Hamburg- 
Amcrioan company building four each of 
21,000 tons, and capable ol a .s 2 )ood of 16 
knots. 

Blue Riband of the North Atlantic 

By 1926 the liner oasualti(\s of the Groat 
War had been made gooil mid .sliipping 
com])otition began to bo keener once again. 
In that year a French line, Ihe Comjiagnio 
Gfucralo Transatlnntique, built Ihe lie de 
France, a ship of 43,163 ions gross, witli 
direet-aetmg turbines of r)2,()ll() li.j). fi’liero 
were six pre-wur vessels- tlie Majestic, 
Leviathan, Berengaria, Mauretania, A quitania 
(Cunard) and Olj/nipic (While Riar)— all of 
larger dimensions on Ihe tran.sallantie route, 
but tho now liner was llttoil with more up- 
to-dato furnishings and appoint iiients. Well- 
known artists and .seiilpiors lii'Jjied to 
decorate and embellish her main aiiarlmenls 
and Jier boautiiul clinjicl; while Uk' provision 
of five cleetrie pass('ng(>r lifts, four goodi 
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air when tho liner arrives within a few hundred miles of land 



Bremen and Europa [ 65 J Hex and Con/e di Sarnia 



Courtesy of IteUan T inss 


Ital> *s bid for North Atlantic supremacy -was successful) and In 1993 the Re* captured the record from the German liner 
Bremen. The great vessel is a wonderful sight at night, while the Conte df Savola (top), another famous Italian boat, 

has equally impressive lines 

lifts, and a controlled heating and ventilating four days, seventeen hours, forty-two minutes, 
system all served to attract passengers. but the Bremen Later lowered her own record 
The North-German Lloyd company there- eastward by thirty-six minutes. Her sister 
upon took up tho challenge and laid down ship the Ewopa was seriously damaged 
two ships, the Europa of 49,746 tons gross during construction, but in February, 1930, 
and the Bremen of 61,656 tons. Both have was ready to take her place on the trans- 
geared turbines taking steam at a boiler atlantic service. She made a record west- 
pressure of 376 lb. to the square inch, the ward trip, averaging 27 -Ol knots, 
output being 120,000 h.p. The design of The monopoly of American tourist traffic 
‘ the two vessels embodied many new features, by norlhern Iluropean lines stirred the Italian 
'one being the bulb bow under the waterline, government to action; certain rival Italian 
The Bremen, lannohed in July, 1929, averaged sliipping firms pooled their forces to form the 
27*83 knots on her maiden voyage, malong “Italia” Line, which would bring passengers 
the return journey at 27*9 ^ots. The to Mediterranean ports. As a result the Bex 
voyage from Cherbourg to New York took and Oom/e di Sarnia were built. The Conte 
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Motor-driven Life-boats 


Spacious and Luxurious 

di Suvoia is in every way the hjnaller ship 
and carries an important iunovaiioii for a 
large passenger liner — the stabilizer . ^ This 
< onsists of three gyroscopes, each 'wdlh »i 
flywheel Ihirteon feet in cliaiiieter iukI 
weighing 176 tons With Ibis plant 1 he vessel 
cannot roll nioro tliaiittvo and a half degrees 
to either side even in the roughest wcaiher. 

The Jip.r took the speed record from (he 
Bremen in August, 1933, when she allain(>d 
a speed of 28-92 knots on a westward journey. 
A spacious and luxurious vessel, the Re.i is 


imilcly 20,000 eleeiric hnn])s on hoard. 
A syslcm is in-stalled foi- ariilieial ventilation 
of the looms willi hot or cold aii-. 

The hull is divided into (ilieeii (•om])art- 
inenis, each liited wilh waiertight doors 
workable tioin the bridge. The diiving 
nuicliinery is divided into grouiis, located in 
variolas watertighli eonip.iilinents in such a 
way that oven if tho vcssid is seriously 
damaged and one-half of the tinhines and 
boilers arc juit out of commission the rest 
of the plant can still lunelion to propel i,ho 



CoHitfiy of t1i» Ftfiieli I.tiic—C G T. 

Ihe French Uner Normond/e— holder of the North Atlantic Bpeed record to 1935~leavto|i tho harbour nt to Havre 


880 feet long with, a beam of 102 feet. Her 
gross tonnage is 51,062, and the hdghii to 
the bridge is 120 feet. The J2ea: has four 
ind^endent groups of turbines, each ibiving 
a separate screw. Liquid fuel — naphtha — ^is 
burned to heat her fourteen boilers, and her 
two oval, streamlined funnels rise fifty-one 
feet above the sports deck. To generate 
the current needed for electric li g h ting and 
other services there are three turbo- and four 
Diesel- generators. The outout of the turbo- 
generators is sufficient to iUuminate a town 
of 160,000 inhabitants. There are approxi- 


vessel. Tho Rex earrios twonty-four lifo- 
boats, twenty-two of thorn motor-driven; 
and automatic fire alarms communioato 
direct with the bridge. 

_ This floating palaoo has olovon lifts ; recrea- 
tional amenities inohxdo a squash rackets 
court, gymnasiums, and swimming pools. 
There are ohildron’s jilayrooma and a 
marionette theatre, while the grown-ups have 
a fine concorb-haH and theatre of their own. 
There is a church, of course, and tho other 
public apartmentsiucludo magnifioont dining- , 
drawing, and smoking-rooms, and lounges, 





An International Contest 


The Giant Normandie 


The competition for tho Blue Riband of temperature of 350 degrees centigrade, 
the Atlantic, as readers will doubtless The boilers are installed in spacious rooms, 
have noted, had by now become a matter whore the stokers need only overlook the 
that touched the national prestige. Thus oil-fuel burners to see that they are 
challenged by the Italian builders, the Ifrenoh functioning properly. The floors of the 
in turn wore ]iut upon their mottle, and boiler and engine rooms in the Normandie 
State assistance was given for the building are almost as clean as were the holy- 
of a yet greater and 
speedier liner that 
hhould offer still more 

luxiu-y and comfort. ) 

The Compagnie Gtad- 
rale Tranaatlantique 
laid down in 1 930 
the Normandie, built 

in the Penlioet ship- . . 

yard at iSt. Nazairc, 

the port at tho mouth . >, 

of the Loire. This * 

great vessel took four 
years to build, at an 
approximate cost of 
£8,000,000. A neu 

bortli had to be con- ' 

struoted, part of it , 

projecting into the 

sea, as the space ’ — . 

ordinarily available 
was not large enough. 

On May 29, 1935, the 
four-screw liner with 
nn overall length of 
1,029 feet 5 inches, 
beam of 119 feet 5 
inches and a gross ton- 
nage of 82,799 left St. 

Nazaire on her maiden j ^ 
voyage to Now York, | ^ 

Tho Normandie’s aver- V ij| 

ago speed of 20 94kuai s 
for the journey proved 
her to be the fastest 
liner then afloat. The ’**** 
tonnage figures are 
those given by the 
owners in 1936. 

During her best day’s i 

run she averaged 31-37 courttsyo/theFniid Lt,,e-CG i 

knots, equivalent to a impressive bows-on view ot the NormanMe outwara henna from Le Havre, 
land speed or do Ul.p.ll. Note the enormoas sire of her funnels in proportion to her beam 

The average speed for , , , ... 

the whole return trip was 30-34 knots. stoned decks of the sailmg ships of other 










Knots, equivalent to a impressive bows-on view ot the Normandla outward bound from Le Havre, 

land speed or do Ul.p.u. Note the enormoos sire of her funnels in proportion to her beam 

The average speed for , , , ... 

the whole return trip was 30-34 knots. stoned decks of the sailmg ships of other 
The jVorjnandie’a powerful engines, capable days. , , . -• 

of producing such speeds, are of the turbo- The steani from the boilers drives lour 
electric type. The initial energy to drive the main tmbo-generators, each with an output 
massive machinery comes from twenty- of 33,400 Idlowatts, which generate an 

nine main water-tube and four auxiliary alternating current at 5,000 volts to drive 


massive machinery comes from twenty- of 33,400 Jcilowaits, wJiion generaije an 

nine main water-tube and four auxiliary alternating current at 5,000 volts to chive 

Scotch boilers. Steam at a pressure of the four main propulsion motors. These 

400 lb, per square inch is delivered at a motors are of the three-phase, synchronized 




A Floating Town 
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The Queen Mary 


type and their total maximum output is 
160,000 h.p.; they turn the propellers at 
240 revolutions a minuto, 

In addition, electricity is provided for lifts, 
refrigeration, lighting, cooldng, etc.; and for 
this an auxiliary plant is installed. The 
total electric load which the shij) can provide 
would be more than auffioiont to drive the 
whole of London’s underground railways 
during the heaviest business rush. In the 
kitchen everything is run by electricity, 
including the chief range of ovens, fifty-five 
feet long. A huge cold-storage section has 
eleven great rooms for holding foodstuffs, 
each set at a different tomporaturo; while a 
special refrigerator raalces possible the daily 
1 enewal of fresh flowers in the florist’s shoi). 
Many miles of pipes bring fresh ah' into every 
part of the voaseJ, and an equal mileage of 
piping is used to force out the stale air. 
The Nomiatidia has a system of drainage 
equal to that of a highly developed township. 
The water pourcrl out in the 321 luitlifi, 
563 showers and 1 ,901 wash basins is collootod 
in a huge conduit and finally ejooted by 
comproasod air into the sea through twelve 
holes below the water-lino. 

The hull, built mainly of high-teaailo steel, 
is of a novel design calculated to reduce water 
resistance. High-flared bows, capped with a 
reinforced turtle-back dock and buttrossod 
breakwater, are designed to throw oil any 
heavy seas, so that high sireeds can bo 
maintained even in the roughest weather. 
There are twelve decks on the Normandie, 
although only five of them extend the whole 
length of the ship. Like all modern ships 
of the French lino, the sun-dcoks are clear 
of ventilators, air fans, and other details, 
these being hidden below the “turtlo-baok” 
or in the superstructure. The after-ends of 
the various decks are arranged in a series of 
stuped terraces, providing opon-nir prome- 
nades for passengers of every class. The 
main dock terrace has an open-air swimming 
pool for tourist class passengers. The larger 
first class pool is on “0” deck amidships. 

A V/ohdetjhl Dining-room 

It is impossible to describe in a short 
space the beauties and marvels of interior 
decoration which make the Normandie a 
veritaWe floating palace. The grand dining- 
room has been contrived without a single 
supportong pillar in its 300 foot of lougth 
and 31 feet of height. Seven hundred 
persons may be accommodated at the 250 
tables. The walls are of moulded, engraved 
and omselled glass, whilst the lighting comes 


from thirty-eight luminous glass fitinonts on 
the walls and twelve tall glass .standards 
rising from the floor. l'\)ur great giklerl has- 
rcliofis alternale on a baokgj’oi md «1 iv'd 
marble with inlays of glas.s. A nionuuienial 
•statue of “reaee,” by the Kreiicli Hciilplor 
Lojean, towers above tho (lin(‘rs. Wight small 
.side rooms for private jairlies and a circular 
banquoting room, all decorated by woll-kuown 
painters, lead from tlio main dining saloon. 

There is, on tho siin-dcck, a ehiklrrm’s 
playroom with a I’unch ami Judy show, 
“elephant" chairs and rocking-horses; this 
apartment has a Htar-s])angl(‘d ci>ilhig. In 
tho adjoining children’s dining-room, the walls 
of which arc gaily decorated wiili (roops of 
olophanlH, s])ecial metius aro aiT.ingwl for 
tho little pasKengei'M. 'I'lio Norniitndir's 
beautiful eha])p], in ilio liyxantino style, 
has doors in ek)isonnc enamel. I’lie hand- 
Homo theatre, decorated in silver, necomino- 
datos 380 i)erRonH, its stage Ixnng largtu' than 
many in I’aris or Jjmdon. 

Tho Nonnandk has aciunuinodation for 
1,1)72 passengers and carries a vivw of 1,34."). 
There are fourtecni special snites with private 
dining- and sitting-roonis. Jjj limt class 
cabins all tho boautifid wood panidlings are 
asbestos lined, and iihe furniture is iiropntof. 
Automaliio fire-alarms aro litt(*d throughout 
tho sliip and tlio latest JireJiglitiiig ajjpiiances 
aro available for uso by a special iiro In’igmlc. 

^Britain's Atlantic Challenge 

About the same ihne lImt ]iIaiiH wem 
being made in Franco for tlu' huikling of 
tho Normmlie, tho Onnard Lint' in Ungluntl 
was discussing tho production t)f a groat new 
vesuel. Temptu'arily known as "oIM,” (his 
slup was laid down at John Ifrovvn and 
Company’s yard on Olydehanlc, in Decemhor 
1030. Woik was suspeiultMl a ytw later 
owing to tljp financial do]»n's.si(>n. The 
government came to the eompn ny’s iissisl a nco 
and oonstruetion was resnmc'd in April l!134; 
in tho inlorim tljo While Htiir Linn had 
merged with tho Cuaard. In (ho autumn of 
1934 tlio ship was laimelwd by IthigUind’s 
graoions Queon and named Mnry after 
her. Tlin great Cuuard-Whiio Htur Ihu'r 
left the Clyde in March 1036, ami made her 
maiden voyage in the following May. 

Tho gallant Mauretania, which hold tho 
Blue Riband of tho Atlantic for twenty 
years, was sold to shipbreakors in 1035 to 
make way for the new giant. Already the 
U.S. Lemathan had gono, and a few months 
later tho White Star Olympic shared tho 
same fate. As the running coats of ihe 
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Courtesy of the French Ltite—C G T, 

The magnificent first class dlnlng-rnom of the Normandte, Measuring 43 feet by 300 feet, It la the largest public room 
on the ship. Two prominent architects — ^MM> Fatout and Paeon— were responsible for the strllfing interior deBomtioii 
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Britain’s Wonder Ship 
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Huge Havens for Liners 


Mauretania had always been very great, the 
company doeided to alter their policy and 
to attempt the regular transatlantic service 
with only two giant sister ships. The Queen 
Mary is the first of them. But though the 
famous old MaHielttnia was broken up, 
much of her lovely panelling took on a new 
lease of life in the rooms of her suooossor. 

Built for Safety 

The htdl of i.ho new vessel has an over all 
length of l,0l8 feet and a beam of 118 foot, 
from keel to funnel top she is 180 feet high. 
Special high-okstio-limit steel has been used 
for the hull, whoso construotion has involved 
the use of over 10,000,000 rivets. As in all 
large modern ships, the now vessel has two 
hottoms, an outer and an inner, running the 
full length of the machinery Hi)aees. Alto- 
gether 160 watertight compartments are 
enclosed between the two “shells,” and the 
whole shipcanho shut off by mechanism on the 
bridge into eighteen watertight sections. The 
rudder alono weighs 140 tons and Is the largest 
built for any ship. Tho diameter of each 
oval funnel is thirty foci, wide enough to house 
tlneo “Royal Scot” engines placed abreast. 

The Queen Maty is driven by four sots 
of Parsons’ single-reduction geared turbines 
supplied with etoam from twenty-four high- 
pressme wator-tubo boilers, which are fired 
by oil. Each of the four manganese bronze 
jnopellDTs is driven by a sqijarate set of 
machinoryj comprising a large gear wheel, 
fourteen feet in diameter, turne<l by four of 
the turbines. This form of propulsion, it 
is claimed, makes for low running costs, 
together with stability, absence of noise and 
fteedom from vibration. 

Apart from tho propulsion engines, the sliip 
has an enormous olootrio plant, comprising 
three 1,300 kw. turbo-genferators drawing 
steam from three additional boilers. About 
30,000 lamps are installed and. the 4,000 miles 
of cable to run the energy throngh tho ship 
would be sufficient to stretch Uie w'holc 
length of the Amazon River. The deck 
machinery throughout the ship is olectrlcafly 
operated, and the life-boats can be quiokly 
lowered by electrioal operating gear. 

The greatest electric load supi^ed by the 
hotel service gen^fafcors is that required for 
the oaterfai^ gall^. ranges, ovone, 

fryers, ndrmg machines, toasters, Waffle- 
irons, dish-washing maefflnes and iee-oroam 
machines are all electric. Eor use in case of a 
breakdown, smaUenae^neygenetatorsdriveu 
by petrol-paraffin engines have been installed. 

In the decoration of the public rooms, 


which cater for every form of social onl ortain- 
mont and relaxation, many famous artists 
were engaged. The main re.staumnt has 
an imposing work at one end by Philip 
Coimiird, R.A., and at Ihe oilier McDonald 
Gill liiiH created an immense tleeoraLivo 
map twenty-four feet by fiftei'u fw't, which 
depicts ihe North Atlantic Oeeini. Hailing 
neioHS this is a constaiiiily moving illumi- 
nated minintiiro of the Queen Mary, her 
pobitiou aiiioiuaiii-nlly iiidleuling that of 
tho groat shi]) itself. Tom Webster has 
amusing eavieuliUres adoi'iiing iilu' walls of 
Iho gyiuimsiiim, wliilst tho aiinniniuin orna- 
ments over tho transjiorl and airways oilice 
are the work of Miuirlee hHiuheri.. 

Kirst class sniti's comprise .sil ling-room, 
bedroom, servant’s room, hoxroom and 
lirivate bathroom. Mven I, bird class stai.o- 
rooms are equipped with iiileil wardrolic, 
dressing-table, eomrorlahle eliaii-s and car- 
]x*ts; and hot and cold water an* laid on. 
Each small room, too, has its own eleetrie ran 
and directional voulilation, whilst, the eeilitiga 
are eueased in wood iihat hides the steelwork 
of tho ship. There is an indoor swimming 
pool fer tourist jiassengi'i’s, in adiiition to 
those for other voyagers; and altogether 
nearly two acres of dock sjiaeo is available 
for proiuonading and sports. 

Docks for Thmsand-fect Liners 

As the ocean groyhound grow longer and 
wider and deeper, its neooinmodation in 
docks and ports and harbours eame to ho 
something of a problem. By the time the 
Bloamshii) had come into its own the best 
sites for ports, harbours and docks had 
already hiHiu developed in nil the principal 
coxintrios of tho wmrld. But tihere w(to 
some with better Ihetlilics for growdli and 
expansion, able to jirovide deep water and 
adequate protection from rough seas, wdiieli 
lay at easily aeoeaslhlo points on tho maritime 
highways, and which poasessod dry docks 
and floating doclts for repair work. Here 
progress and enlargcittont went forward 
steadily, so that tho great now shiiia oould 
enter, and leave convenieuliy, and roeeivo 
that proper attention they needed. 

The natural protection whieli tho port of 
Southampton rooeives from tho Isle of Wight 
made it, from very early times, a valuable 
harbour. Even in 1434 an elementary ty])o 
of dry dock was built there. It was little 
more than a narrow ombayiuent in whieJi 
a ship was floated at high tide. When tho 
tide fell, a temporary wall of clay, timber 
and bnishwood was built across tho mouth 




The ttfcat Ounard- White Star liner Queen Maiy eaterlnS the King George V Graving Dock at Sontbantntoil nt the 
termination at her firat journey from the Clyde shipyard where she was built. Note the SO-ton travelling crane 
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-Two, /of the, "vvorld’s, busiest docks ^ . PMoio: Ap6jiii»Syhid, 

Soutbamptbn, where can be seen the £mprM5 of Britain <top left)i Olympic (top rl^t)* and Maurefenfo (In 

dbbk)* Tllbiiry (aboye) with the Bcuen/and and three Orient liners ' 




World’s Largest Dry Dock [ 1 


and the ship left high and dry for repairs 
to be effected. 

Southampton is not only woU sheltered, 
but has a fairly deep natural harbour with 
the advantage of double tides, and a position 
at the head of Southampton Water at the 
conffuence of two small rivers. Therefore, 
with only a moderate amount of dredging 
and the construction of quays jutting out 


1 ] George V Graving Dock 


White Star liner then building. But it was 
designed with an eye to the future and is 
capable of accommodating a ves.sd up to 
100,000 tons. ITor its construetion some 
2,000,000 tons of earth wore first excavated 
and a concrete floor twenty feet thick was 
laid. This, together with the strong but- 
tressed walls, took 760,000 tons of concrete. 
A sliding steel gate or caisson weighing 1,800 
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The world's largest floaUng dock at Southampton, which is 860 feet long and can accommodate tossoIs ud to 

60,0D0tons * 


into water forty feet deep at low tide, it 
hecame an easy matter for the largest liners 
to berth at any state of the tide. This great 
mtoal and economic advantage has made 
Southampton the premier port in England 
for the giant transatlantio liners, 

Hwe, excellent facilities for cleaning and 
lepaoriDg vessels, unloading cargoes and 
entmmng passengers are available. The 
world s largest dry dodfc, completed in 1933, 
hes m the harbour. Known as the KIm; 
George V Graving Dook^ it was pritaarily 
constaraoted in readmesa for the new Cunaffd- 


tons closes the dock when a ship has entorod. 
The water content— some 68,000,000 gallons 
— can easily be pumped out in about four 
hours. The dock is provided with two 
travelling cranes, one lifting fifty tons and 
the other ten tons. 

At Southampton, too, there is the world’s 
largest floating dock, with an ovor-all length 
of 860 feet. This enormous hollow stool 
trough accommodates a ship of about 00,000 
tons and can be submerged to accommodate 
vessels drawing thirty-eight feet of water. 
The giant liner Berengaria has boen repaired 



Liverpool’s Docks 
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Hospitals for Great Ships 



Where ships can be cleaned, re- ' Oiiigrl 

paired or overhauled. Dry docks 
at Cesanock, Glasgow and ( bottomi 
Royal Albeit Docks, London. The 
' ' matcb-sticks ' ' on the dock-sldo 
are actually the size of telegraph 
poles 

in tbh dock, after being 
safely shored up by keel 
and bilge blocks and 
electrically manipulated 
girder shores operated 
from every side of the 
dock 

Although Liverpool has 
enjoyed for some centuries 
a great reputation as a 
port, its iiosition gives rise 
to difQcultioa in accommo- 
dating modern giant liners 
A powerful tidal scour 
makes a deep natural 
channel in the middle of 
the River Mersey, but 
Liverpool’s docks — ^with 
the exception of the more 
recent Gladstone Dock — 
cannot be entered by 
large vetsels until the 
water has risen above half- 
tide level . To obviate this 
difficulty a floating land- 
ing stage nearly half a 
mfle in length was built 
to allow Atlantic liners 
to berth alongside and 


Havre’s Increasing Trade 
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Great frelgbt-liandlloS doeks at Now York) from Oie air- Ihe New York Dock Co 'a docks at UrooklyUi with the 

Bush Terminal docks beyond 


talce on or disembark passengers at all 
times. 

The Preneb port of Havre, originally 
eonsti acted in skeltered water at the mouth 
of the Biver Seino, has since been extoudetl 
considerably seawards. An outer harbour, 
enclosed by long breakwaters, provides 
additional accommodation demanded by tho 
port’s increasing trade. In 1927 a dry dock 
1,023 feet long, 125 feet wide and 62^ feet 
deep was opened for the use of the large 
Prenck liners then either planned or in 
course of building. One of them, the lie, tie 
France, has since been overhauled in this 


dock and oven laiger vossoIh aro capable of 
being accommodated theie. 

Like Southamiitou, Now York harbour is 
endowed with great natural advanlagos. 
Sheltered by Long Island, Stolon Iskiml <iud 
Sandy Hook, New York has easily aooi'ssilile 
and ample deep water rhannols, will) a 
maximum tidal range of only Jlvo fi'et, 
and these advantages render both tho outer 
and inner harbours exeellcut for (looking 
large vessels. Cliaimol deepenim* lias been 
carried out consistently, and 1 bo bi'rtha 
alongside the new piers have a depth sullidcnt 
even for the largest liners. 


CHAPTER V 

THE OCEAN’S POWER OP DESTRUCTION 


'T’HE waters of the ocean are never at rest. 

_ Day after day, throughout the many 
millmns of years of the earth’s history, the 
insatiable jaws of the sea have been steadily 
at work without pause or respite — ^tearing 
away fragments of the land in one part of 
the world, grinding them to powder, and 


laymg them down to form fresh rocks in 
places, perhaps, very far distanl; and Ibis 
unceasing war of attrition will bo oanied on 
inevitably until tho life of our planet comes 
to an end. It is fortunate that the ocean 
tends to give us back with one hand — ^in the 
shape of new land — ^what it taJees with the 


The Wind and Tides 
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Huge Tides of Nova Scotia 


other, and perhaps in the long run mankind 
will never be sorely stricken by its relentless 
appetite, though individual nations may 
have their boundaries severely reduced. 

The Sea’s Poivetful Ally 

The battering power of the sea — concern- 
ing which we shall have more to say later — ^is 
dependent chiefly upon its powerful ally the 
wind, which raises the waters in fury; but the 
work of transporting the crushed materials, 
of laying down new land and altering the 
contour of the ocean bed is chiefly performed 
by tjie currents, which in turn are largely 
set in motion by the tides. Roughly, twice 
in every 24 hours, as everybody knows, the 
combined gravitational pull of the sun and 
moon heaps up the waters in a great flattened 
wave, which goes sweeping round the world 
— a natural phenomenon which happens on 
so great a scale that, though of supreme 
importance to navigation, it is for the most 
part familiar and unaensational. Some- 
iiimes, howevaf, normal tidal waves attain 
the dignity of a grand spectacle, especially 


in funnel-shaped estuaries and bays with a 
shallowing floor, where the advancing water 
may be hemmed in and deepened enormously 
in consequence. The greatest range of tide 
known is that which sweeps up the Bay of 
Pundy, the long, narrow inlet of Nova 
Scotia, where the spring tides of the Atlantic 
may be piled up to a height of seventy feet 
above low water, rushing on in a swirling 
torrent which is a const int danger to 
shipping. 

The Severn Bore 

When the spring tide rushes up the river 
Trent it heaps up the advancing current into 
an "aegre,” or wall-lilte wave of water, that 
may roach a height of five feel. More im- 
pressive still is the “bore” of the Severn, 
which is caused by the constriction of the 
tides of the Atlantic by the Bristol Channel, 
and which has exacted a heavy toll of ship- 
ping and human lives. Prank Bncldand, 
the celebrated natmulist, thus described this 
tide on the Severn: 

“I heard in the fax distance a peouliaT, 



The Seyem "Borft "—an axCraordlnary natural pbacomenou caused by tbc constriction of Atlantic tides by 

the Bristol Channel 


Tidal Botes on British Rivets 
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Disastrous Tidal Waves 


dull, heavy, rushing sound, but could see 
nothing, ... In a few minutes I saw a 
curved white line, stretched right across the 
channel, commg round the corner of the 
river. With a fearful velocity this white 
line advanced steadily up the river, and as 
it neared us I saw that it consisted of a 
wave more than three feet high, curling over 
with foam at its summit, and forming a 
distinct wall. This, then, was the bore. A 
truly grand and almost awful object it is — 
its rush might almost be taken as an emblem 
of velocity, combined with weight and power. 
The roar that it made was like nothing I 
had ever heard before . . , and in a few 
minutes the whole appearance of the river 
was aiJieved: not an inch oi sand could be 
seen anywhere, but instead a vast expanse 
of water reaching from one aide to the 
other.” 

The Humber, Solway, Seine and many 
other rivers throughout the world display a 
bore at high tides; but not infrequently 
destructive tidal waves pour in for no 
obvious cause from the open sea, such as 
the twenty-foot wave that occurred on the 
Devon coast in April, 1868. Such a wave 
is sometimes felt on the west coast of Ireland, 
where it is known as tho "death wave,” 
from the mimerons human lives it has swept 
away. 

Death-dealing Tidal Waves 

By far the most appalling among these 
visitations from the sea are the so-called 
(though miscalled) "tidal” waves sot up by 
severe earthquake shocks or gigantic volcanic 
eruptions, such as that of Krakatoa in 1883, 
by which whole cities have been laid waste 
and thousands of people swept out to sea. 
An inundation caused by earthquake is, 
curiously enough, heralded hi practically 
every instance fc^y a withdrawal of tho water 
from the shore, as though it had been sucked 
away by a gigantic syphon. It may rothe 
for only a few yards or for several miles, 
leaving shipping high and dry; and then, 
after an awful interval of minutes or hours, 
the sea comes thundering back in a groat 
wall, rolling fai over the dry land and reducing 
to fragments eversrthing in its path. Othw 
waves follow the &3t, until the vast impulse 
of destruction has spent itself. 

Wreckage, living fish, immense rooks, may 
be carried irnlea inland by the tidal wave, as 
well as ships from the open sea. During 
the Jamaica earthquake of 1692, a British 
frigate was borne by a huge wave far inln.Tid 
over the houses of Port Royal; and on 


another occasion a warship was carried 
half a mile beyond the shore on tho coast of 
Chile. In the disastrous Lisbon shock of 
170C, a wave of forty feet appeared on the 
Tagus; at Cadiz it rose to sixty foci, and 
created huge seas even round Groat Britain, 
as well as causing tho waters of Loch Lomond 
to rise and fall more than two feet. 

Towns Washed into the Sea 

South America, the Mast Indies, tho 
Phnippinea, have grim momorios of those 
awful waves. Some of Chile’s largest towns, 
including Coquimbo, Concepcion, Iqiiiquo 
and Talcahuano, have at various times been 
washed into the sea, while tho city of Arica 
has saffia'cd the same fate on at Jea-st tljreo 
occasions. In 1918 I’orto Rico fell a victim, 
having 100 poo])lo Idllod and 300 injm-od by 
a great sea wave of seismic origin. Disas- 
trous tidal waves luivo also washed over 
the southern Mhoros of Italy, where, owing to 
a geological fault, severe eartliqnakcs arc 
frociuont, In tho distrui banco ()f 1783 a 
wave of twenty feet devastated Calabria; 
and m tho Messina oarthquako of December 
1908, in which more than 77,000 ])oot)lc 
perished in tho same region, the tidal wave 
reached a recorded height of nearly forty 
feet. But for magnitude all thc.se waves aro 
far outrivallod by ono which is said tiO liavo 
broken over the earthquake region of 
Kamchatka, in Norbh-oaat Asia ; it is roputod 
to have been 210 feet in height. 

Por frequency and severity, tho record of 
tidal wave disasters should go to dapan, (ho 
centre of a region of inecssant seisinui amt 
volcanic activity, whicli the patient Japanese 
were at ojro time wont to ascribe to tho 
restle.s8 movemonts of a huge cattish (,hat 
lurked beneath the earth. In tho Inst 1,200 
years there have boon more than 2,000 sovoro 
earthquakes in Japan, a great many of them 
acoompauiod by enormous sea waves. In 
the year 684 ono of those wavo.s engulfcrl 
more than a million acres of land; and in 
A.i5. 869 n great Widl of water came u]) from 
the sea and slew sevoral thousands of torror- 
strickeu people. 

One of tho most immense and most deadly 
waves onrccord — ■ninety-three feet in height — 
was that which followed tho Japanese earth- 
quake of 1896, in which no fewer than 27,122 
people wore crushed by the sea or drawn into 
its hungry maw, while another 60,000 wore 
rendered homeless. Tho offoot of this wave 
was distinctly felt at San Erancisco, a 
distance of 4,800 miles across tho Paoifio. 
On another occasion, the wash of a "tidsl’’ 


The Butsting of an Island 


[79] 


Fury of the Typhoon 


wave occurring in South America travelled 
to Japan, approximately nearly 10,000 miles 
away. 

Tke Krakatoa Ca tastrophe 

The most tremendous explosion in all 
history was the eruption — or more truly, 
bursting — of Krakatoa, the volcanic island 
in Sunda Strait, Java, in 1883, with a noise 
that Avas heard nearly 3,000 miles away, A 
succession of gigantic sea waves was set in 
motion, which, after devastating all the 
neighbouring coasts, set off in a great race 
round the entme globe. The destruction of 
life and property by this rushing wall of 
water Avas almost beyond conception. More 
than 36,000 human beings perished and 


is the inundation of Galveston, in Texas, 
U.SA., on September 8, 1900. Galveston 
stands partly on a low-lying island in the 
Gulf of Mexico, exposed to the fury of the 
West Indian hurricanes. On the fatal day, 
a tempest of unprecedented violence blew 
without remission for eighteen hours, reach- 
ing a velocity at times of 135 miles an hour. 
Bridges and telegraph poles were blown avra-y 
like straw.s, so that aU communication 
Avas out off; and then the terror-stricken 
citizens, their houses collapsing over their 
heads, Avore appalled to see the waters of the 
Gulf heaped up by the hurricane into enor- 
mous Avaves that came sweeping over the 
city to complete the scene of horror. In 
this gi‘eat storm more than 5,000 people 



Driven aground and sinking within 60 yards of the shore near Sydney, Au8tralla*~>the 5,000 tons steamer Malabar 
was shortly afterwards battered to pieces hy furious seas. 


300 towns and villages in Java and Sumatra 
were swept away, together with all ships, of 
whatever size, in the neighbourhood. This 
tidal wave reached a height of fifty feet, and 
the force of the explosion impelled it an 
astonishing distance. It was distinctly felt 
at Cape Horn, nearly 8,000 miles aAvay, and 
even reached the En^h Channel, a distance 
of 11,000 miles. 

Typhoon, Hurricane and Tornado 

Whirled along in the hands of a typhoon 
or hurricane the sea becomes a weapon of 
terribly destructive fury, sweeping aAroy in 
the tAdnkling of an eye the finest and fairest 
works of Nature and mankind. Japan, the 
Philippine Islands, the West Indies, the 
coasts of Central and South America and 
many parts of the United States are fre- 
quently laid waste by these great storms that 
come out of the sea. The classic example 
of a destructive Avave raised by a hurricane 


lost their lives, while the damage to property 
totalled more than £3,000,000 sterling. A 
vast and costly sea-wall now protects 
Galveston from a repetition of this terrible 
disaster. 

About Waterspouts 

It is a matter of speculation hOAV many 
out of the long toll of vessels that have put 
to sea and disappeared for ever from the 
eyes of men have foundered amid the fury 
of a typhoon, or have been struck and 
obliterated by a waterspout. Those Avho 
have read “Typhoon,” Joseph Conrad’s 
powerful epic of the sea, written with all 
the knowl^ge of a practical mariner, will 
have realized something of the appalling 
ferocity of these oyclonio storms that rage 
through the China Seas; hut conoocning the 
waterspout there are a great many curious 
and erroneous ideas. 

A waterspout at sea is simply the counter- 


The Mysterious Waterspout 

part of a tornaflo on land, and lilco a tornado 
originates in an ahnorinal condition of 
atmospheric pressure. A heated current of 
air rises with great rapidity, twisting in a 
spiral around a centre where the barometric 
pressure is veiy low; and the friction of this 
whirling eddy puls the surrounding air into 
violent agitation. The watersjpout is moat 
frequently encountered in tropical seas and 
especially in thundery weather. A layer of 


Waterspout and Whirlwind 

the heavily charged atmosphere by the 
lowering oi its pressure. 

WhirUng 'Wind and V/ater 

Nor does the destructive force of a water- 
spout arise from the mass of water it contains ; 
it comes almost entirely from the furiously 
whirling wind in the vicinity, which is just 
as lilcely to bring disaster to a ship unlucky 
enough to fall across its path as is any violent 
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Pholo! tv, 0. haiulv, Irnro 


On October 30, 1933, the achooner Sarah Evans at Appledore was driven asboro at Portreath, Gomwall, In a lireat 

Sale {see opposite page) 


heavy nimbus clouds extends low over the 
sea, and from them there descends slowly 
tho characteristic funnel shape of tho water- 
spout. The sea below is seen to bo boiling, 
under the iufluonce of the agitated ah and 
the lowering of pressure; and a cloud of 
spray is tlirown up from the water which 
unites with tho whirling cloud to form a 
single column. But the waterspout does not 
suolt up a great mass of sea water, as is 
popularly believed; and, apart from the small 
quantity of sea spray, the column consists 
entirely of fresh rainwater, condensed from 


and sudden squall. The column of a water- 
spout may be twenty or thirty feet in 
diameter, and it may rise 300 foot above the 
sea. The duration of tho phenomenon is 
uncertain, but rarely oxceods half an hour. 
Since it moves with great speed over tho 
sea, in a direction which it is difficult to 
estimate in advance, tliis form of whirlwind 
is highly dangerous to all but tho largest 
ships; but fortunately it is not a very 
common phenomenon. 

Prominent aniong tho terrors of tho sea 
that have been immortalized in fiction is 



The Maelstrom and its Terrors [ 81 ] Anthonie Jenldnson’s Description 

the whirlpoolj or maelstrom. The archetype which from halfe ebbe nntill halfe flood 
of all ocean whirlpools is the celebrated maketh such a terrible noise that it shaketh 
Maelstrom, between two of the Lofoden the ringes in the doores of the inhabitants 
Islands, off the western coast of Norway; houses of the sayd Islands tenne miles off. 
bu t actually this is not a true whirlpool at Also if there commeth any Whale within the 
all, and its sinister powers have been much current of the same, they make a pitifull 
exaggerated. The M^lstrom is more correctly erie. Moreover, if great trees be caried into 
described as a tidal race, caused by the sea it by force of streams, and after idth the 
rushing through the narrow and tortuous ebbe be cast out againe, the ends and 
channels between the rocks and islands on boughs of them have bene so beaten that 



All that was left of the Sarah Span* next days whm the mountainous sene had done their work 

this weather-beaten coast, and aggravated they are like the stalkes of hempe that is 

by a violent cross wind from the north-west, bruised.” 

wMch oh^s the . water into foam.^ But, Maelstrom in Fiction 

although it IS constantly navigated, there IS — — 

no doubt that from time immemorial the Edgar Allan Poe’s vigorous and imaginar 
Maelstrom has taken a heavy toll of human tive description, of the Maelstrom and its 
life, even amoiig the experienced fishermen supposed powers of siiclung doM'p shipS; tp 
of the lieighbourhood; and it has long had destruoftion is well known : . : . “The general 
an evil reputation among European seamen, surface grew somewhat more smooth., a,nd the 
In the year 1667 Master Anthonie Jenkinson, whirlpools, one by one, disappeared, while 
captain of the Pnwrose, bound for BusaiSj prodigious streaks of foam became apparent 
wrhte in big log- ^ noiie had been seeni before; These * 

“There is between the said Eost Islands streaks, at length, spreading out to a groat 
and. Lbfoot: a wl]^le . pool called Meiestrand, distance,^ and entering into ? combination, 


An Awesome Funnel 


Dreadful Suctorial Powers 


[82 1 



look unto themselves Ihe 
gyratory motion of the 
subsided vortices, and 
seemed to form the germ 
of another more vast 
Suddenly — very suddenly 
— ^this assumed a distmet 
and definite existence, in a 
eircle of more than a mile 
in diameter. 

The extreme outer edge 
of the whirl was repre- 
sented by a broad belt of 
gleaming spray, but no 
liarlicle of this slipped 
into the mouth of the 
terrific funnel, whose in- 
terior, as far as the eye 
could fathom it, was a 
smooth, shining and jet- 
black wall of water, in- 
clined to the horizon at 
an angle of some forty- 
five degrees, speeding 
dizzily round and round 
with a swaymg and swel- 
tering motion, and send- 


RcmnrkDblo pholoAmphs of one ot Nnluic's most liwo 
Insphlne spectacles. Tbo naterspoiil Is, In clfcci, a 
tornado at sea and carries with It elmllnr powci s of destruc- 
tion. The one seen above occuiicd to the cost of Poito 
Rico, In tho West Indies, while that below was pbotogi apbed 
In the Dlaclc Sea 


mg forth to tho winds an appalling voioo, 
half shriek, half roar, such as not oven tho 
mighty cataract of Niagara over lifts u]) in 
its agony to Heaven. ’’ 

Although it would bo very diilieiiH to ex- 
aggerate the aetiial danger of ihe Maelstrom 
under unfavourable conditions of tide and 
wind, it is needless to remark that tho 
dreadful suotorial jiowers witli whieh it lias 
been credited ore quite fabulous. A similar 
remark applies to the classical Charybdis 
of the Strait of Messina, whieh, aceording to 
Homeric legend, was believed to suck (Wn 
the waters of the ocean thrice a day and 
east them up agam. Actually Oharybdis, 
like the Maelstrom, is a powerful tidal 
) current. 

A true whirlpool can bo seen at Corrio- 
vrockan, off the island of Jura, in tho Inner 
Hebrides. Here the tides from the main- 


land of Argyll, on the east, and from tho 
neighbouring Isle of May, on tho south- 


Whirlpools in the Orkneys [ S3 ] The Sea in its Fury 



west, collide near a lofty, 
submerged column of rock, 
round which they swirl 
with a rapid vortical move- 
ment of about thirteen 
miles an how, which is 
greatly accelerated in high 
winds. Other true whirlpools 
are to be found among the 
Orkney Islands, ali of them 
caused by the meeting of 
opposing currents. 

Periodically the fiiry of 
the sea presents mankind 
with a formidable bill for 
settlement: the upkeep of 
lighthouses, breakwaters, 
harbours and safety devices, 
and the loss of shipping 
and inerdhandise at sea 
entail an ecxpmdituxe tliat 
never ceases;: while the 
tribute of human, life 
exacted regularly by ,the 
sea appals and sipkens the 
imagination. 


Tbe mad taiy of tte sea durtaS a ereat $ale w a sigat to atnrareaoowmrw^i- 


Waves of 'Ttemendous Height 


[84] 


The Force of the Sea 


Waves, wliich are fhe teeth and claws of 
the ocean, are raised almost entirely by the 
wind; and in heavy gales they may exert a 
force of several tons to the square foot. In 
the open sea of tlio Bay of Biscay, waves 
may be lifted to a height of more than 
twenty feet, and in the open Atlantic to as 
much as forty feet; while in the more exposed 
parts of the Pacific a height of sixty foot 
has been knonn. On breaking against a 
large obstacle, waves may bo dashed to 
tremendous heights. On one occasion the 
five hundredweight fog-boll of the Bishop 
Rock lighthouse, in the Scilly Islands, fixed 
a hundred feet above the water, was 


which they have heaped at a height of 
more than sixty feet above liigli-walor 
mark. 

The force exerted by sea waves in severe 
storms is almost incredible. At the light- 
house on the Dim Hoartach Rook, oil the 
western coast of Hcotland, for exami)lc, 
stones with a total weight of twcnty-cighl 
tons, fitted together and set in cement, wc>ro 
washed away at a height of nearly forty fec't. 
It is not unknown for a lighthouso to be 
entirely swept away, as was the fate of the 
first Eddystone light in 1703, ovcji though 
the fii’st twenty feet of the structure wore of 
solid stone. Rnormous massovs of masonry 



woU.nl«h IrresteUblo; bufie masses at concrete enu mason, 
ore cracked asunder as It by Wfib explosives Here Is a stout sea-wall at Overstrond, near Cromer, after a series ol boul 

witb tbe sea 


washed away, together with tho flagstofiC 
and ladder; and in Smeatouls coloWted 
Eddystone Tower the stonos forming the 
cornice of the lofty lantern gallery were 
firequently lifted from their bed by. heavy 
waves. ' 

On the exposed headlands of the Pentland 
Eirth, according to Sir Archibald Geikio, tho 
geologist, tho waves have at times run clean 
over the cliffs, which have a vortioal height 
of 200 feet, depositing stones, seaweed and 
fragments of weekage on the summit as 
evidence of thoir assault. Here, too, they 
have bodily tom up large rocks, reach- 
mg eight and a half tons in weight, 


in aea-waUs and broakwatoas havo Ihh'u 
fi^ecjuontly displaced or overturned. Tti l8i)S, 
during a iorrific storm, a part of tho sUmo 
bronkwiitor at Potorhead weighing 3,300 tons 
wa.s moved several iiichos; from the minimit 
of another breakwater stonos vveigliing nearly 
tliirty tons apieco havo boon flung down 
like ninejmiK, 

iSlorm damage is not coufint'tl fo ilio 
battering force of heavy sous, for almost us 
destructive is tho Iromcndous drag t'xi'rlod 
by a spent and recoiling wave upon the shore 
or breakwater. Tn heavy storms, millions of 
tons of beaoh may bo romovod by recoiling 
waves, and ' the rubble substruoturo of 


Inundation that formed the Zuider Zee t 85 ] 


Holland’s Victory over the Ocean 


expensive breakwaters may be loosened and 
washed away, necessitating incessant re- 
placement and repairs. 

More serious, because more insidious and 
absolutely unremitting in its destructiveness, 
is the slow but steady consumption of the 
ooastland by the sea. Sometimes this can 
be remedied, and the lost land won back 
again after great expense and toil; but more 
often it is swallowed for ever 
by the hungry waves, though 
elsewhere a desolate beach or 
a barren mud-flat may be 
yielded up as though in an 
ironical exchange. 

In Europe, by far the worst 
sufferer from coast erosion is 
HoUaiid, whose history for 
many centuries past has been 
a tale of one long and cease- 
less fight with the sea. The 
annals of the Ifetherlands are 
full of appalling catastrophes, 
whose regularity makes them 
monotonous reading. The 
records at least go back as far 
as the 6th century, when 
Eriesland was inundated by the 
sea. In 1277 thirty villages 
were destroyed, and it was 
at about this time that an 
enormous inrush of the ocean 
created the 2,000 square miles 
of the Zuider Zee, where 
formally had been a small 
inland lake; on this occasion 
more than 80,000 persons 
perished. In the year 1421 
seventy-two villages and more 
than 100,000 human lives foil 
a prey to the ocean, while a 
vast tract of fertile land 
was transformed into useless 
marshes and reed-beds. 

The year 1632 saw the inundation of South 
Beveland, when 3,000 people perished at 
once; and less than half a century later 
20,000 lives were lost by a flood in Friesland. 
On this occasion Amsterdam itself was 
inundated. The remaining centuries also 
contribute their toU' of disasters m full 
measure. 

Holland is so low-lying that a great port 
of the Buhstratimi of the whole country is 
perpetually waterlogged, even in the largest 
cities. As Niebuhr succinctly remarked: 
“The real grandeur of the arohiteoturo of 
Amsterdam lies underground, in the shape 
of the numberless piles on which the city 


is built. ” The Stadthaus alone, for example, 
rests upon 14,000 piles. 

It is only by maintaining an intricate 
system of dikes, dams and sand-dunes held 
together by long-rooted grass that the Dutch 
prevent their country from being washed 
aivay into the North Sea. Two thousand 
years of bitter experience have made them 
specialists in this branch of enginoering, and 


the latest and most ambitious fruit of their 
labour is the enclosing of the Zuider Zee by 
an enormous dam, and the draining of this 
great area to form arable land. The esti- 
mated total cost of this undertaking — ^the 
largest ever attempted — ^W'as equivalent to 
£46,000,000 sterling. In 1932 the main 
dam, begun twelve years before, was com- 
pleted; it is eighteen miles in length. The 
W'ater was then pumped out, and 663,000 
acres of arable land were added to the soil 
of Holland. The successful execution of 
this gallant project is one of man’s most 
dgnal, though rare, victories in his unequal 
sfcuggle wil£ the ravenous ocean. 



Pratecflne t&e load against being eaten awiw by fbe sea; a sea-wall In the 
course oJ construction at Rotnngdean 


How Heligoland has been Etoded [ ] Out Changing Coastline 


The neighbouring coast & of Europe have 
suffered severely from, erosion. Jutland, 
Denmark, Belgium, Brittany, the Channel 
Islands have all been eaten avay steadily 
by the sea, and the loss still proceeds. In 
the 9th century Heligoland had a circuit of 
120 miles, compared with barely throe miles 
at present. The small island of Nordstrand, 
off Schleswig-Holstein, and the adjacent 
islets are the sole remaining traces of a 
large and prosperous tract of land that 
in 1634 sank beneath an inrush of the sea, 
which swept away 6,000 people and their • 
homes. 

The erosion of our own fair coastline by 


neighbouring cliffs, which proceeds at the 
rate of at least a yard hi a year. At one part 
of Shcringliam harbour there was at this 
time a depth of twenty feet ol' wafer; only 
forty-eight years previously a fifty - foot 
cliff, surmounted by dwellmgs, had stood on 
the same spot. 

The Fate of Dunn/ich 

The coast of Suffolk has a history more 
dismal still. Aldoburgh, for instance, stooil 
at one time more than half a mile out lo 
sea, and Easton Bavont, once tho most 
easterly point of England, has been shouldered 
more than two miles inland during the last 



Ammean Cohiiv, ferunitfm 

Not waves of the sea, but waves of sand rolling Inland and encroaching on arable land In Palestine 


the waves presents a melancholy picture. 
Tho east coast suffers most, for hero tho 
land is low-lying, or is of so soft a nature 
that it is easily erodc<l, sometimes at the rate 
of two or three feet hi a year. A map of 
the eastern and southern coasts of England 
of only a few centuries ago presents a very 
different appearance from one of the prosont 
day. In JSforfolk alone, the old site of 
Cromer lies buried far out to sea; Hhijideii, 
one of the most important soaports of 
medisBval England and eolobrated for its 
large and handsome church, fell into tho 
sea — church, docks and all — ^in tho loign of 
Henry IV. Many villages in the same neigh- 
bourhood, once large and flourishing, have 
been claimed by the sea and have loft behind 
but the memories of their names. A little 
over a century ago, fclir Charles Lyoll, tho 
eminent geologist, drew public attention to 
the rapid devouring of Shoringham and the 


century and a half. Southwold has similarly 
rolired a mile, and Solo May has ceased lo 
exist. The once large and powerful sea p(trt 
of Duiiuieh is now eoimueniorated only by 
a small and shrunken village, lying far away 
from tho spot where tlio waves of tho North 
Sea roll over tho sunken houses and cliitJ-eheH 
of tli<‘ old jjort. 

Tho fale of Duiiwieh is one to uuik(‘ the 
reader pause and think. In Saxon days it 
wa.s a great military and eornmereial eenlis' 
and the capital of th(» kings of East Anglia; 
and in the reign of Henry II it boasted a 
royal and an opiseoi)al pnlaeo, a mint and 
more than fifty elmrehes and religious 
buildings. About this time it was the 
commercial and cultural ccnlro of East 
Anglia; its markets wore famous, its heaulifnl 
buildings renowned, and its sea trade) lo 
distant parts of Europe was a byword 
among merchants and mariners. But already 



Sea’s Destruction of Dunwich 


Erosion of our Coasts 


its fate was sealed; for a long struggle had eally the sole remaining relic of this once 
to be waged with the rapacious sea, whose large and wealthy port was the cracked 


demands grew steadily more insistent, 


and battered shell of the chm-oh of All 


1347 more than 400 houbes, with many Saints, which for years hung poised on 

the very edge of the olifiF, as if patiently 
awaiting its fate. 

t 

I 

Toivns the Sea has Taken 

A large part of Essex has likewise dis- 
appeared beneath the waves; while across 
the estuary of the Thames the two upstanding 
j spires of a derelict church mark the last 
traces of Reculver, once a Roman station 
and in the Middle Ages a considerable town, 
which has long been covered by the sea, 
Polkcstone, Dover, Hythe, and aU the coast 
between have undergone considerable erosion, 
while the whole of Old Winohelsea, a large 
and wealthy seaport, and the spacious 
Dim&dale Eorestnear by, were on February 4, 
1287, submerged beneath a terrible onslaught 
of the waves and now lie buried far out to 







Sit 


Scats and shelters suspended In mid** 
air on the cliffs of the Isle of Wight 

shops and ■windmills, wore 
engulfed; and thereafter the 
destruction proceeded so 
rapidly that by the middle of I 
the lOtli century less than a 
quarter of the proud old city 
roinained. 

In 1077 the sea reached the 
market-place, and twenty-five 
years later St. Peter’s oWroli 
iiad to be abandoned. li 
was in vam that the despairing 
citizens gathered on the clifts 
and called down curses on 
the ruthless sea. By the 
end of 1739 the last scene in 
this long tragedy was enacted 
and the small portion of nrosioo ^oes on c 
Dumvioh that still remained 
was swept away for ever 
by tlie great waves that at tho same time 
reduced the forty-foot cliffs to the level of 
the sea. As the churchyards successively 
fell into the ocean, tho graves were rudely 
emptied of their contents, so that the bones 
of departed citizens of Dumvioh could be 
seen soattered about the seashore. Fracti- 




Erosion goes on continually on certain parts of the coast of Britain — a house 
In imminent danger at Pakcfield, Suffolk 


sea. Hastings has been extensively eroded 
through the centuries, and the old town 
rests beneatii the Chamiel. 

The Goodwin sands, as is weU known, 
perpetuate the memory of the vast estate of 
Earl Godwin, father of King Harold. The 
whole of this great area, with its parkland, 



The Reclamation of Land 


[ 88 ] 


Safety at Sea by Night and Day 


cattle, and grazing sheep and deer sank 
beneath the waves in 1099, to be transformed 
into the well-kno^vii perilous line of shoals, 
six miles from the present coast of Kent. 

The remaining stretches of our lost coast- 
line are too numerous to bo mentioned in 
detail, Selsey, ivith its cathedral, bishop’s 
palace and its great deer park ; a goodly part 
of old Brighton; the ancient borough of 
Shoreham; a great part of the Tale of Wight; 
the flourishing port of Ravonspur in York- 
shire, where Henry of Bolingbroke landed 
in 1399 during the bold bid for power that 
was to make him Henry TY — ^thesc are among 
the most notable portions of England that 
have found a watery grave. Puller informa- 
tion concerning them is admirably set forth 
in Mr. Beeldes Willson’s “Lost England.” 

Draining the Fens 

By far the greater portion of our departed 
coasts is lost to us for ever, but in some 
districts, notably in the Pena — inundated 
ages ago by a sea-quake — ^the skill and 
labour of successive engineers, from the 
time of the Romans onwards, have wrested 
many acres of arable land from the hungry 
maw of the sea. Seventy thousand acres 
have been reclaimed from the Wash, and a 
useless and pestilential district has been 
made profitable and healthy. During the 
draining of this vast marshland many 
interesting discoveries have from time to 
time been made, which prove that at no dim 
period this was a dry, fertile and pleasant 


tract of country. Large numbers of oaks 
and fir trees, many of them being of consider- 
able size; hazel bushes with tlieir nuts still 
sound and firm ; the antlers of stags that oneo 
roamed through the sunken forest ; wea])on.s, 
canoes, and oven a blacksmith’s forgo with 
its tools and horseshoes, buried sixteen feet 
deep beneath the silt, oiler silent iestimony 
to the everyday activilios that were rudely 
inton'uptcd by the sudden inflowing of the sea. 

Models to aid the Engineer 

Science has lent the modern engineer 
many useful allies in his unceasing struggle 
with the sea. One of the most valuable 
aids to present-day land reclamiition is a 
tidal model of the area that is being roeluimed, 
and of these models the largest in existence 
was completed at Cambridge in 1935. 1 1 is 

an exact representation of the mouth of tlio 
Ouse and tlm wlioie of the Wash, covering 
forty miles of fenland on a scale of twenly- 
fivc inches to the mile. Housed in a larg(' 
building of its own and operated by eh'ctrieity, 
the model works au(.omaticalIy, the tides of 
the Wash being faithfully rcj)rescntcd in 
miniature by the ebb and flow of water 
operated by a twelve-ton plunger. The 
natural tides of an entire year can in this 
model bo coraprossed into the sjiaoo of 
twenty-seven hours, and the detailed informa- 
tion thereby allordod has already proved of 
inestimable value in holiting to solve the 
difficult problems of land roclamatiou in 
the Pons. 


CHAPTER VI 

SAFETY AT SEA BY NIGHT AND DAY 


'T’HE sea can be very beautiful, but it can 
f also provide the most terrifying sight 
imaginable. Anyone who has experienced a 
storm at sea nee^ not to be reminded of the 
awe-inspiring horresr of it, and those who 
have watched seemingly insignificant little 
sliips battling their way into harbour against 
mountainous waves, tcarmg gale and lashing 
rain must have felt proud of the magnificent 
courage of these men “ who go down to the 
sea in ships.” Theics is a precarious 
existence requiring the very highest typo of 
courage and it is fitting that a number of 
inventors and engineers have devoted part 
or all their lives to making the sea safe for 
travel night and day. Of comse no one 
has yet learned to control the wind and the 


waves; but, in the light of modern know- 
ledge, everything has been done to ensure thc 
greatest degree of safety for those who cross 
ibo ocean either on business or plcasuvo bent. 

The Mariner's Beacons 

Among the many oontrivonoos which have 
been evolved to ensure safe travelling at 
sea are lighthouses. As a rule most pt'oplo 
regard a lighthouse simply as one of those 
taU towers that stand isolated among a pile 
of jagged rocks as at Beaoliy Hoad, near 
Eastbourne; Corbiiiro, Jersey; and Eddystono, 
off the Dbvonshiro coast, bxit the term light- 
house is used more generally and includes 
lights which are also situated on land and 
which servo an entirely different purpose. 


Landfall Lights 


Beachy Head Light 
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Lighthouses are divided into certain defi- 
nite groups which perform specified duties. 
Ocoa.sionaHy one light in a group will also 
perform the functions of another group, 
but most of them are built for one purpose 
and perform one duty only. 

The first group of hghts is termed “land- 
fall” or “making” lights, which are so named 
because they are the fost lights that the 
mariner glimpses when he is approaching 
land. Landfall lights are generally the most 
powerful lights that are visible from the sea. 
Their sole object is to tell navigators that 


light is twenty-five feet above sea-level he 
can see it 10-17 miles away; fifty feet above 
sea-level, 12-56 miles away; 100 feet above 
sea-level, 15-91 miles away, 500 feet above 
sea-level, 30-09 mUes away; and 1,000 feet 
above sea-level, 40-72 TniW away. 

There is, however, one objection to placing 
a light very high up, and that is the effect of 
fog. A thick fog very effectively blankets 
even the most powerful light, and in con- 
sequence it is not always practicable to fix 
a landfall light on a very taU tower, in spite 
of the theoretical advantage of placing it 



With huge Atlantic waves dashing almost to the top of It — the Longsbipe lighthouse off the Cornish coast 


land is near, so they must therefore be 
strong enough to pierce the darkness at as 
great a distance as possible, and they must 
also be situated as liigh up as possible in 
order that the curvature of the earth’s 
surface shall not restrict the limit of their 
range. When speaking of the range of a 
light, in reference to lighthouses, the term 
“range” always means the distance at 
which a light is visible from the sea. This 
distance depends on three things ; the candle- 
power of the light; the height at which it is 
placed above sea-level; and the curvature of 
the earth's surface. A light placed five feet 
above sea-level can be seen, by a mariner 
on the deck of a vessel fifteen feet above 
water, at a distance of seven miles. If the 


as high up as possible to increase its range. 
]?og very often hangs some distance above 
the sea while the sea itself is quite clear, 
and a landfall light ivrapped round with fog 
is of very little use. At one time there used 
to be a light fixed to a tower on Beaohy 
Head, but owing to the prevalence of fogs 
on this headland, it was very often seriously 
dimmed and for that reason was superseded 
by a tower built up from the foot of the 
cliffs. The range of the Beachy Head light 
was, of course, very much shortened, 
but it nevertheless became more effective 
since henceforth it was nearly always 
visible. 

The Beachy Head light, it should he noted, 
is not a landfall light but one of another 


Well-known Lighthouses 


Warning Lights 
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group which wiU he mentioned a little later 
on. The best knowm landfall light in thib 
country is the Lizard, the name of wlncli 
appears every day in onr newspapers. It 
is the first fight sighted by shijis coming 
towards the south of England from the west 
and south. Almost as well Imoivn is the 
Fastnet Hook light, which the trajisatlantie 
liners “make” as they approach the south 
coast of Irclund Others, just as noli known 


to mariners bnt not quite so familiar to 
stay-at-lioine Britishers, are: the Ushant 
light, situated, to the north of the Bay of 
Biscay, and sighted by navigators entering 
the English Channel from the south; Cape 
Race, hfewfoimdland, the signpost to vessels 
entoriiig the Si. Lawrence River; and the 
Navesink, situated at the entrance to New 
York Harbour. 

A little earlier, candle-power was mentioned 
as one of the three things on which the range 
of a light depended. No matter how power- 
ful a light is, however, unless it be sufficiently 
elevated above soa-Ievel its range is not 
extended even though it has a high candle- 
power. Eor example, the range of the moat 


powerful lamp fixed twenty feet above sea- 
levol cannot exceed 9'57 miles, ainco beyond 
that the eiirvaluro of the earth’s .surface 
hides it from the mariner. On the other 
hand, it is obvious that if one were to sirike 
a match on a tower twenty foot abovi* sea- 
lovel it would not bo visible to a sailor nine 
and a half miles away. The beam of light 
must be powerful enough io reaeli tliat 
distance — alienee the caiulle-jicnier is one of 
the piiinary ihingN on 
which the range of n 
light depouds. 

I Warning Lights 

Tlio M'roiifl irnntp 
of lights is “Waniiug 
liglds” and it is to 
this lyjie of ligli) that 
iiuisi [leople refer 
when lliey spt'ak of 
light houses. Tlioyaro 
creeled almost solely 
in places winch aro 
considered (o bo very 
dangerous to ship- 
ping; lienee tlu'ir 
uanu*. 

The light house is, 
eompnrat ively speak- 
ing, 11 familiar sight 
in tlii'se days; 1ml, 
even so, tlu' man or 
woman who can look 
iqion one of theso 
towers without a smiso 
of wonderment and 
sonu't lung of iiwe 
must inileed be lack- 
ing ill the spirit. oC 
roiuauco. Eew, liow- 
ever, though (liey 
may be moved by tlie 
isolated mngnifioonce of a lighthouse with ils 
background of jagged roeks and swirling, 
angry foam, aro suffioiontly intc'rested to 
ponder on its_ origin, the dangers that beset 
those who built it, or the various moelianieal 
and scientific inventions that have niail(> it of 
such value to the mariner and to all those 
who voyage on the seas. Fewer slilt wonder . 
how it is that this tall struotiiro stamis firm 
and iinmovablo, flashing out its brilliant light 
during the wildest and most foarful of storms; 
for it does not seem to occur to them that 
if the foundations of a lighthouse ivoro built 
on the same principles as those of the honsos 
we live in, it would not last a month— poi-haps 
not a week. 



The Needles Ughthouso et the western extroinlty of the lale of Wight— -n view from the air 




The Fouf Eddyatone Lighthouses 
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Smeaton’s Lighthouse 


Some idea of the extent of the tasli, and 
the effort and danger involved in the building 
of a lighthouse, can be understood if wo 
delve a little into the history of tho Eddyatone 
Lighthouse. The Eddyatone rock is part 
of an exlensivo reef of rocks about fourteen 
miles south-west of Plymouth Harbour. At 
low water tho reef stands out jagged and 
black, but at high water it is almost entirely 
covered. The rocks comprising the reef lie 
in the direct route of coasting vessels and 
of ships bound for Plymouth Sound; in con- 
sequence, -without a warning signal on the 
reef, they would constitute a serious 
menace to shipping. The first man to 
attempt to build a lightliousc on Eddyatone 
was Henry Winstanley, The building was 
begun in 1C9C and completed in 1700. Tho 
foundation for the superstructure comprised 
twelve iron bars which wore fastened into 
the solid rock, and on which a solid pillar 
twelve feet high and fourloen feet in diameter 
was built. Later this solid structure -w’aa 
raised to a height of twenty feet and was 
lopped by a quaint wooden tower, with oiwn 
galleries below tho light chamber, which was 
furnished with a weather-vane. Tho light- 
house stood until 1703, w'hen -with Win- 
stanley, who was supermtending some neces- 
sary repairs, and the Ught-koopers, tho whole 
edifice was swept away during a terrible 
storm. 

Rudyerd's Lighthouse Destroyed bj> Fire 

John Eudyerd was the next to build a 
lighthouse at Eddystone, and althoxigh it 
was a vastly superior structure to that of 
Winstanley’s, it was again mainly of wood. 
This time the lighthouse was destroyed by 
fire. It had, however, stood the buffetings of 
the winds and the waves for nearly fifty years. 

The third Eddystone lighthouse was con- 
structed by John Smeaton, and in performmg 
this feat Hmcaton laid down the principles 
that underlie the erection of all modern 
lighthouses. Smeaton’s lighthouse has, of 
course, been improved on, but consideodng his 
limited knowledge and the comparatively 
rudimentary tools ho had at his command, 
it was a very remarkable piece of work. 
Smeaton recognized — right from the earliest 
stages, when he was asked to midertake the 
work — ^that the foundations of the lighthouse 
structure were of paramount importance. 
He determined that the Eddystone should 
he made absolutely solid with the rook itself; 
and in order to attain this the living rock 
was hewn away to accept the fo-undation 
stones, which were dovetailed into one 


another in such a way that they were 
absolutely immovable. 

Each stone was made by hand and 
numbered; each was cut -with extreme 
accuracy; and each was examined, checked 
and passed by Smeaton himself before it 
■was allowed to take its place in the light- 
house. The making of the foundations and 
the laying of the earlier stone courses was 
a task to dismay cwu the boldest engineer. 

*■ — — x j " « — - - - 



is one of the lonoUest and most dangerous of nU light- 
bouses ; and relieving the beepers ts frequently a tasic 
of the greatest difficulty. An Ingoing keeper Is here 
seen being hauled on to the lighthouse platform during 
rough weather 

Braotioally all of it was done by hand, for 
there were then no mechanical drills for 
cutting away the rock, and no cement mixing 
machines for getting tho cement to the right 
consistency; then, too, -work on tho rooks 
could only take place when tide and weather 
conditions were favourable. Only about two 
hours a day could be devoted to the fixing 
of the foundations and the earher courses 
of the lighthouse, and sometimes far weeks 
at a time no work at all could he carried out. 


Lights with a Dual Purpose 
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Light-buoys 



Even when work was in progress, there which serve to warn of more than one danger, 
was always the possibility of a sudden storm For example, a lighthouse which servos as a 
sweeping up and washing the men to their general warning to sailors of dangers in the 
doom. The founda- . vicinity may also ho 

used to indicate a 
dangoronsreof or shoal 
a few miles away — 
doing this latter j ob by 
means of a separate 
heain of light called a 
sector. The sector is 
generally shone from 
a window below the 
main_ light ehamber, 
and is thrown in the 
dheetion of tlu! jnir- 
ticidar danger an<l 
over it. The same ex- 
pedient is used to show 
a channel between 
two such dangers, and 
often it nrill ho found 
that those seotors are 
of (liiforout colours. 
Special apparatus has 
to ho installed for 
sectors, as they must 
of necessity he fixed 
lights, arranged at a 
definite angle so that 
they indicate exactly 
where the danger 
lies. 

Tlioi’o are o<*rttiiji 
natural conditions and 
other circuinstances 
which HomotimcH 
make it imjn’aeticiihlo 
to build a lighthouse, 
and then, where 
danger to the mariner 
exists, other nu*ans of 
warning must ho em- 
ployed. Among these 
am lightships — which 
will bo dealt with in 
a little more dehiil 
later-and light-buoys. 
Eoth are includod in 
tho "warning lights” 
groiij), although they 
aro fwoasioually nscxl 
for other puri)osea. 

Light-buoys, although Avaruing lights, van 
a-lso bo olasaod as unwatchecl or poritianont 
lights since they have no one continually 
tending them and are often left for consider- 
able periods without attention. As a rule 
fnese buoys are situated on small rocks out 


doom. The founda- 
tions were begun on 
August 3, 1756, and 
the light first shone 
forth on October 16, 

1759, continuing to do 
so until 1882. It is 
a gieat tribute to 
Smeaton and his men 
that his lighthouse 
proved to bo stronger 
than the rook on 
which it Avas built; 
for when the structure 
Avas condemned, it 
was on account of tho 
rook itself being under- 
mined by tho waves, 
not because of any 
defect in Smeaton’s 
building. The exist- 
ing Eddystono light- 
house was built by 
Sir J. N. Douglass and 
oompletccl under the 
supervision of Trinity 
House in 1882. 

Many other light- 
houses have as thril- 
ling and romantic a 
history as the Eddy- 
stone; but this narra- 
tive serves to shoAV 
the dangers that have 
been faced and the 
ingenuity that has 
been used to protect 
the voyager from the 
perils of the ocean 
and the rocky coast. 

As has been men- 
tioned, some lights are 
used for two purposes ; 
and among these may 
be instanced the Fast- 
net Eock light, oft 
the coast of Cork, and 
the Bishop Eock 
light, which is situated 
between the Lizard 
and the Scilly Islands. Both thoso lights 
are landfall lights, telling the transatlantic 
mariner that his voyage is nearly over; but 
they are also warning lights, for they speak 
of dangerous rooks in the vicinity. Then, 
SCO, there are other dual-purpose lighthouses 


■me Bishop Bock U(ththouse, between the Llsnrd and 
tho SclUy Islands 




Coasting Lights 
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at soa, or close in to land on breakwaters. 
How long they are left unattended deiicnds 
on the situation, on the kind of fuel used 
for the light, and on the size of the containers 
which iiold tho fuel. Apart from the fuel 
storage, no matter whether oil, coal or 
acetylene gas is used, the burners need 
attending to at certain intervals. Similarly 
the lenses become covered over with salt 
from the spray of tho waves, and ne«l 
cleaning. 

Buoys lit by acetylene gas could bo left 
for as long as six and in some cases even 
twelve months, but such a long time is seldom 
allowed to i)ass without some attention be- 
ing given them. As a rule light-buoys are 
never placed in positions which aro too remote 
for some aoit of supervision, because in a 
thick fog such a buoy might quite easily be 
run down by a ves.sel. Should this occur, 
and tho event not bo known or be reported, 
the absence of tho light might prove a serious 
danger to ahipiiing. 

The third tyjie of light is the “coasting” 
light, and it is used as a signpost for the 
marinor. Tho Boachy Head light is one of 
this type. These lights do not need to he 
so powerful as either tho landfall or warning 
lights, sinoo tho navigator who has once 
“made” tho coast is never at any groat 
diblanco from the coasting lights. Ho needs 
only to bo able to distinguish between them 
to find his ]io.silion as ho passes up and 
down tho channel. “But,” one might ask, 
“how can a sailor toll one light from 
another?” Tho answer is a simple one: 
they are all different. Tho sailor does not 
have to be a magician to dislingviish between 
them, but ho does need to possess a good 
memory. Each light is made to differ from 
tlio next l)y moans of Hashes. Altliough 
tho system omjdoyed is not based on the 
Morse code, theso lights act on something 
of the same principle in that tho difference 
between them consists entirely of variation 
in the length of tho flashes that oro given 
out, and of the intervals of darkness between 
the flashes. Thus tho navigator who knows 
Ihc system thoroughly is able to pick liis way 
up and down tho coast at night as easily as 
if it wore broad daylight. 

Lzg/tf “ Characters** 

Each light is distinguished by what is 
termed its “character” — that is, its appear- 
ance as viewed by someone looking at it 
from a distanoo. Anyone who has sailed 
tlirongh the English Channel, which has 
on exceptionally well-lighted coastline, will 


The Method of Lighting 

realize how essential it is for the coasting 
lights to have differing characters; even the 
lighthouses are comparati^'-ely close to each 
other, and some method of distinguishing 
between them is essential. The character 
of a light is determined by the length of the 
flashes and of the intervals between; and, in 
some cases, by the fact that the light is a 
fixed light. Eor example, one might be a 
“fixed white,” another a “fixed red,” and 
another a single-flashing. 

The Group Flashing System 

In the case of flashing lights what, is 
called the group-flashing system is used in 
this country, and in order to understand the 
basic idea it is necessary to gain some 
laiowledge of the lightmg apparatus riscd in 
lighthouses. The tj'pe of light most favoured 
to-day is that obtained from a vapour oil 
lamp which uses incandescent mantles. In 
the cose of lighthouses built on tlie mainland 
there is of course no need for special apparatus, 
since the local gas company is able to supply 
the means of iUumination. In lighthouses 
such as the Eddystone, however, oil has to 
bo used. It is stored in steel tanks, from 
which it is forced by air pressure through a 
small copper pipe into a vaporizing tube 
on the burner, which is heated from the 
outside. Passage through this tube turns 
the oil info a gas, which then passes through 
a burner, is ignited, and heats the mantle. 

This method of illumination is simple, 
efficient and economical. Efficiency is, of 
course, the paramount necessity of a warning 
hght; but m view of the fact that many 
lighthouses are isolated, simplicity of opera- 
tion is almost as essential, while economy is 
also highly desirable. So economical is this 
type of lamp that only just over two pints 
of oil arc required every hour to feed a 
2,400 candle-power light. Electric light, by 
the way, is not used a great deal in lighthouses 
on acooimt of the bluish colour of the arc 
light and the fact that blue light raya are 
more easily bent than others. This peculi- 
arity of bluo rays makes them less able to 
penetrate fog than a reddish- coloured light. 

Most of the biggest lighthouses have a 
revolving light apparatus, in which tire 
lenses are composed of prisms and ore built 
up into what are called panels. Each panel 
forms a huge buH’s-eye lens and is so arranged 
that practically all the light from the burner 
is utilized. It is the akfll whidi scientists 
and inventors have used in avoiding any loss 
of light from these burners that makes the 
panels such wonderful pieces of work. They. 



Wonderful Lenses of the Lamps 
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Lightships and Sirens 


are mounted on a table "which revolves round 
the bimicr in the centre of its pedestal, and 
thus as the panels revolve the light is thromi 
out to sea in a series of flashes. One of the 
most remarkable features of this apparatus 
is that although the revolving panels "iveigh 
several tons they can be moved with the 
touch of a finger, for the revolving table 
floats on mercury. 

In the group-flashing sy.stem the panels 
are so arranged that a number of flashes can 
bo given in rapid succession, and be followed 
by a var}nng interval of darkness, before 
another series of flashes occurs. The number 
of flashes is generally limited to between two 
and six and although a still larger number 
could bo produced, it has not been found 
necessary, as the coasting lighis and warning 
lights can bo distinguished without. 

Two other types of lights need only a brief 
mention; they are “loading lights,” which 
sliow the line of a channel or the entrance 


to a harbour, and “])ort-liglits,” 
which are used to mark the cud 
of piers. 

lAghtahipa. — Lightships arc 
moored at iflaecs, such as sand- 
banks, whore it woulil bo iinp()H.siblo 
or extremely difliciilt to build a 
lighlhouHO. ' Tlio (loodAvin Iflght- 
ship ou the Goodwin Hands 
iminedialoly 1ea])a to the mind, 
with tho Handettio, situated off 
Dunkirk and tho Noro. A light- 
ship, of course, is simply a ship 
specially designed to suit tho con- 
ditions of the sea where it is 
moored, and on which a light is 
sliowii from tho top of a mast. 
It is actually a small lighthouse 
and nowadays tho ligliling ap- 
paratus rcBomhles very closely 
lliat obtaining in tho latter. 

Fog Sirens , — ^Mcn have worked 
offeotivoly to make tho soa safer 
for voyagers, •\vitli warning lights 
and beacons ; but by far tho great- 
est danger lies in fogs which liido 
the various Jighfs from mariners 
and shut in ships both by daylight 
and by darkness witli a veil woll- 
nigh iinponotrahlo. Against fog 
there was formerly only one do- 
fcnce— the sound-signal ; but to-day 
the seafarer has two others — the 
wireless direotional beam sent out 
from lighthouses, lightsliips and 
shore stations, and the wonderful 




Unsinlcable Boats fot Saving Lives [98] The Royal National Lifeboat Institution 


propelled boats especially for the purpose 
of saving lives, and in 1807 Lukin designed 
the first sailing lifeboat. 

It was in 1824, however, that life-.saving 
at sea became a national under taking, for 
In that year the Royal National Lifeboat 
Institution was founded. The Institution 
at once organized life-saving on sound and 
business-like lines; at the same time caiing 
for those who risked theh lives in the service 
of their fellow-men, and for the dependants 



' Coitrifiy 0/ tut Royal Katumal Ufeboat Inslttation 

A remarkable photoSrapb of the launch ol a motor lifeboat In a 
heavy sea 


fog-piorcing infra-red ray apparatus. The 
sound-signal is used in various forms, the most 
favoured being the siren. It consists of a 
disk, ivith a number of shts in it, which fits 
against a similar stationary disk and oan be 
rotated at a very high speed. While it is 
revolving compressed air is forced through 
the shts, producing a noto of controllable 
pitch which is capable of carrying a consider- 
able distance. 

A similar typo of siren consists of a cylinder 
which has circular slits in it, 
and when the cylinder is given a 
reciprocating motion, by means 
of compressed air, sound is pro- 
duced. Most lighthouses are 
provided with sirens of the above 
tyiies Other sound-producing 
aiijiarafcua includes one foi 
making reed signals, which con- 
sists of ft molal tongue thal 
closes over the end of a pipo 
and under pressure is caused to 
vibrate and produce a noto not 
dissimilar to that of an organ; 
trumpets worked on tho same 
principle as tho cylinder type of 
siren, and bells, oporatod_ by 
means of a clockwork moohanism 

So far onr narrative has dealt 
with the efforts and contrivances 
that have been made and m- 
ployed to prevent ships going 
astray and coming to grirf on 
reefs or shoals, but in spite of all 
man’s ingenuity calamities still 
occur and lives are imperilled or 
lost around our coastline. 

As far back as 1784 a London 
ooachbuilder named Lionel 
Lukin began to experiment in 
an attempt to produce a boat 
which woidd never sink. His 
object was not primarily to 
make a boat to save lives, but 
nevertheless for some years his 
was used for that purpose. 

Five years later a boat deliberately designed 
for tho purpose of life-saving was launched 
at South Shields. That boat, called. The 
Original, was partly designed by William 
Wouldhave, the inventor or discoverer of 
the self-righting principle which is tho basis 
of many lifeboats. This first lifeboat saved 
hundreds of lives before it was even- 
tually destroyed; but by then it had served 
its purpose in that a movement for building 
lifeboats had begun. Henry Greathead by 
the end of 1803 had built thirty-one oar- 


bereaved by such noble saorifioe. Buildings, 
boats and accessaries came under thorough 
supervision; rewards were given to men who 
dared ail to help others; compensation paid 
to those injured in the service. 

After the first enthusiasm for an institution 
which had been founded for such a noble 
service, interest in the work began to wane, 
and the Institution passed thiough some 
very difiSeult periods until at last a terrible 
disaster at sea awakened the people of 
Britain to the importance of the work 
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The Self-righting Lifeboat 


being carried out and the urgent need of 
support. 

Tfie Self-righting Lifeboat 

Undoi the prcawlcncy of the fourth Duke 
of Northumberland this excellent Institution 
leceived a tieniondoua impetus, and from 
thence onward it has progressed steadily. 
As a result of his piactical encouragement 
a self-righting lifeboat was designed by a 
man named James Beeching, and this 
boat, with but slight alterations, is the typo 
m use to-day. 

Everyone has doubtless seen a lifeboat 


that it is fitted with air-oases which, oven 
if the boat is severely damaged, operate 
effectively to sustain it. The ability to fioe 
itself from water is duo to the provision ol 
relieving valves or scuppers, through which 
the water pours out of the vessel as rapidly 
as the waves fill it. A lifeboat is divided 
into from seven to fourteen water-tight 
compartments, and has from 70 to 160 air- 
cascs. The latter are the cause of the 
extremo buoyancy and luako it possible tor 
the vessel to carry on with its rescue work 
oven if twenty holes are knocked into each 
aide. It is, in fact, almost unsinkahlo. 
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Ono of the crew of tbe Bridlington motor lifeboat bring hauled In after being woehed overboard wlille the bent was return- 
ing home. AU part of the day 's work la tbe hazardous lifeboat service 


and has been struck by the fact that although 
it is so small a boat, yet it seems able to ride 
a storm better than larger and more powerful 
vessels. The reason for this ability, as it 
were, to flaunt the power of Nature, is that 
in spite of its size the lifeboat has great 
strength, groat buoyancy and the ability to 
free itself from the water with which it 
becomes deluged when waves break over it. 
In building lifeboats the makers aro allowed 
to use only the best woods, and timber 
which is thoroughly seasoned and very care- 
fully selected. Its buoyancy is due partly 
to clever designing and partly to the fact 


The self-righting lifeboat — ^not all tho 
Royal Institution's boats aro of this typo— 
with its complete equipment, its sails sot 
and all its crew on board, will right itsolf if 
it is completely capsized, and froo itself of 
water in twonty-five seconds. This is on 
account of its heavy keel and its two air- 
chambers, situated ono at each end of the 
boat. Though these air-chambors make it 
so easy for the lifeboat to right itself on 
being capsized, there is another sido to tho 
medal: in heavy weather they exhibit a 
tendency to make the boat perform tho 
complete cycle too readily, i,e, to turn 
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completely over and come upright again. 
For this reason another type, one which 
cannot right itself, has been evolved by the 
Institution, whoso fleet is composed half of 
the first type and half of the second. The 
non-self-righting t 3 rpo is much more stable, 
has greater speed and has greater buoyancy. 
The lifeboatmen themselves are the ones 
who chooso which type of boat they will 
adopt, the Institution never givmg any orew 
a hfeboat unless they express themselves 
satisfied with her. 

There were, at one time, a few steam life- 
boats in tho Institution’s fleet, the last being 
\vithdrawn in 1928, but it was 
not until tho arrival of tho in- 
ternal combustion engine that 
the lifeboat fomid the motive 
power suited to its needs . The 
work of adapting the petrol- 
engme to tho requirements of 
the lifeboat was by no means 
easy, for the essential features 
of the lifeboat had to be re- 
tained, and at the same time 
the engine had to bo almost 
automatic in its method of 
working: oven if the boat 
were on end, it would still 
have to feed itself with oil 
and petrol; it could not be 
given much attention while 
rescue work was in progress; 
and, because the lifeboatmen 
wore simple folk, its controls 
must also be simplicity it- 
self. Nevertheless, as in 
other branches of engineer- 
ing, the builders solved the 
difficultios and as a re- 
sult, to-day, no fewer than 
124 motor lifeboats arc in 
service round the coasts of 
Great Britain and Ireland. 

Here is the record of just one of the 
rescues attempted by a lifeboat hi the service 
of the English section of the Royal National 
Lifeboat Institution. 

A Tale of Heroism 

With practically no warning, on December 
13, 1933, an easterly gale swept across 
England, and a Dover barge named Sepoy 
was driven ashore at Cromer at eight o’clock 
in the morning. At four o’clock that morning 
the Cromer motor h'foboat had gone to the 
assistance of another wreck eleven miles 
away, so i^e pulling and sailing lifeboat 
was put into oommission. By the aid of 


volunteers the boat was launched, only to 
be hurled, broadside- on. to the beach again. 
After being launched a second time, her 
crew kept her afloat for twenty muuiles, 
when again she was driven back on to the 
shore. Meanwhile the crew of two on the 
barge had been forced to take to the rigging 
as the weaves were sleeping over their craft. 
Again the lifeboat was launched, and this 
time although the boat was able to make 
the wreck it could not get alongside it and 
was driven to shore again. 

It was now two o’clock in the afternoon 
and with tho nsing tide the men on the 


barge had had to climb higher up the rigging. 
It was known that the motor lifeboat would 
make for Gorleston, A message had been 
sent there, and the Gorleston motor life- 
boat went out with it. Eight miles out, 
(he two lifeboats met. In spite of the 
fact that it had already been out for eight 
hours, the Cromer lifeboat put about to 
go to the rescue of the two men on the 
Sepoy. At three o’clock that afternoon the 
motor lifeboat came in sight of the anxiously 
waiting crow'd which by then had almost 
given up hope of the two men being saved, 
for the gale was at its worst and the barge 
was being continually swept by heavy seas, 
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Tune and again the coxsAvain of the life- 
boat tried to got alongside the barge, but 
each time the boat was driven past the 
wTOck. At last, however, the coxsivain got 
his craft near enough ‘for them to Ihroiv 
a grapnel into the rigghig, but before they 


could make use of their advantage a big sea 
flung the lifeboat agamst the wreck and holed 
her side; the grapnel-line parted. Realizing 
that it might now be a matter of minutes 
before the exhanstod men collapsed and 
feU from the rigging, the coxswain decided 


to make no further attempt to get alongside 
the barge. Instead, he drove the lifeboat 
on top of the barge and stove in the bulwarks 
noth his bows. The boat waa bold thoro just 
long enough for three of the croiv to got 
hold of one of the men and get him aboard, 
when the lifeboat was washed away 
again ; but again the coxswain drove 
his vessel into the Avreok and the 
second man was dragged to safety. 
The lifeboat Aras then turned for 
safety, Avhilo willing hands tended 
to the resoued. 

That story is a typical one of 
diffioultios encountered and sur- 
mounted, and typical. Loo, of the 
heroism shown by the iiiombers of 
the Lifeboat Institution, Avliieh 
sinec it Avas founded has saved 
()4,r>9C lives and records an average 
of eleven lives saved per week for 
the past 112 years. 

When the Lifeboat Instituipion 
was founded it established rocket 
apparatus for pi ejecting linos to 
Avrecks from the shore; but the 
Coasl guard Service also was in- 
structed that if a Avrock toolc place, 
every man within roaBonahlo dis- 
tance was to do his utmost io assist 
in the rescue work. At the same 
time a full set of “apparatus 
for saving life” was issued by 
tho CroAVii; and later, in 1804, the 
Board of Trade took over Ipho 
administration of this apparatius. 

Nowadays tho life-saving appar- 
atus is stored in a convenient spot 
and Avhoii required is Iramsforrcd 
by tho best and most rapid moans 
possible to a point closo to tho 
scene of tho wreck. It oan only 
be used when a wreck ooours close 
to tho shore. 

Tho lifo-saAong apparatus con- 
sists in the main of a species of gun 
from which a rocket, with a lino 
attached, is fired, the object being of 
course to make the line fall across 
the stricken vessel. On the land side 
of tho line, and to it, is attached a 
hawser whicli, when tho seamen on 
tho wreck have made fast their end, 
enables the rescuers on land to send across a 
breeolioa-buoy. The buoy is in effect a life- 
belt, and by moans of pulleys and linos it is 
traversed from tho shore to tho wreck and back 
again, carrying Avith it, on its return journey, 
one of the people from tho wrecked vessel. 



Enlclent lifeboats may mean the dltterenco bettvocn life and death to 
passendars and crew of a liner. The 24 steel lifeboats of the Queen 
Mary— 4icre seen durinft construction — are flre-proot and unslnkable, 
and arc fitted with Diesel endlnes which wlU fiinctlon In all weathers. 
Each lifeboat will accommodate 164 passengers 



fivtiry precaution la taken for tho-aafety of a liner's passcnflere and crew and to prevent confusion and panic Jn an 
emerdencyt lifeboat drill — here seen in progress on 8.S. Dilivoro— is frequently practised 
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Drindind araw of the sailing ship Ado^ Vlnnon safely ashore at the t.izard, by means of the breeches-hooy 
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CHAPTER VII 

MIGHTY WALLS BUILT BY ANIMALS 


'T’HE greatest of all the -world’s builders 

^ wore not the men who raised the mighty 
pyramid of Cheops on the shifting sands of 
Egypt, nor the pious craftsmen who created 
the mighty eathodrala of mediceval Europe, 
nor yet those -who have called into existence 
the mast splendid buildings of to-day, in all 
their pride of massive stool and concrete. 
They who have built on by far the greatest 
scale arc the hundrods of millions of humble, 
feeble, ]olly-likc crei.tures whoso coasoloss 
and united efforts through millenniums of 
time have formed the coral islands and 
barrier reefs of tropical sons. Yet the only 
building materials employed by tho indns- 
trious coral polyps are their own fragile 
skeletons, which have been slowly and 
patiently secreted out of the minoi'al salts 
contained in tho sea- water in which they live. 

The numerous specioa of coral-building 
animals belong chiefly to the important class 
of marine polyps known to zoologists as 
Anihozoa, to which also belong their cousins, 
the sea-anemonos. But, while each anemone 
is a separate, free-living indmdual, -with the 
ability in many cases of crawling about at 
will, the reef-building corals Uve together in 
crowded colonies from which each jmlyp has 
neither the inclination nor tho ability to stir 
a fraction of an inch, oiico it has established 
itself among its fellows during the early 
stages of its Ufe. 

Coral colonies display a bewildering variety 
of strange and beautiful forms. They may 
throw out a multitude of branches, so as to 
resemble the antlers of stags or tho fantastic 
tree-ferns of a primeval coal forest. They 
may grow like rounded sponges; or like 
crater-pitted lumps of stone; or in serried 
rows of tubes, like tho pipes of a fairy organ; 
or in tho form of flo-a'ors, feathers, crnraplod 
loaves, or softly crushed handfuls of 
tarlatan, like tho dainty dross of a ballet- 
dancer reproduced on a tiny scale. Wo must 
remember that each of those forms is not an 
individual coral pol5T;), but a colony holding 
many of them ra their skeleton remains, afl 
intimately bound together into a whole. 

About the Tiny Coval Animals 

To illustrate the general structure of a 
coral animal, let us t^o a simple, individual 
madrepore polyp, one of those wMoh are most 
in evidence on a coral reef. The hard mineral 
skeleton pf this little creature forms a shaUo-w 


cup, securely attached to the coral or rook 
beneath and firmly cemented to its neigh- 
bours. From tho centre of this cup to its 
rim radiate a number of thin plates or septa, 
dividing the interior into numerous narrow 
cavities which in life are filled by the soft, 
fleshy partitions of tho polyj)’s body. This 
living tissue covers tho outside of tho cup as 
well ; and forming a fringe round its summit 
arc many sensitive, waving tontiicles which 
surround tho simple orifice cfunpri.sing tho 
mouth. Although the numerous remaining 
species of coral-building polyps show every 
possible diversity of form, tlmy can for all 
practical purposes bo regarded as liaviug an 
individual structure broadly similar to that 
of the spooios avo have described. But it 
should bo remembered that it is in tho very 
diversity of the corallino forms and their wide 
range of vivid coloration that a great ])nrt of 
the beauty of a coral roof resides. 

How the Coral Reef is Formed 

Even in the largest of the separate coral 
colonies that go to make up a reef, all the 
living polyps composing it are intimately 
linked -adth one another by tho joining of 
thoir soft tissues, so that a single ])olyp, 
though quite individual and complete? in 
itself, yet forms but a small part of a largo 
mass of living aziimul substance; azul wlion it 
ajzpoasos its own appetite by suoking minute 
organisms from the sea- water into its 
voraeiou.s mouth, it is tit tho same time 
coiAtribntiiig to the well-being of its fellows. 

Before wo treat of the mighty submarine 
walls built by these tiny iiolyits, wo must say 
something of tho methods by Avhieh they 
increase tind nutltiply. JMtiny corals form 
their colonies bjr simjtle budding, A huujty 
Itt’otubornuco grows out from tho side of tlu' 
parent, which, gradually acquiring a tnouth 
and tentacles of its own, beoomes in tim(? a 
complete and individual polyp, secreting its 
oAvn skeleton to add in the tmisonry of tho 
communal barrioado upon its dtu'enso. When 
fully dovolopod, this hitest polyp proceeds in 
turn to put forth buds, and thus tho colony 
rapidly incroasos, producing cliiofiy those 
corals that have the shape ctf branching trees 
or antlers. 

There are other coral polyiw, that propagate 
by "fission.” Tho oval mouth of tho poly]) 
becomes constricted in tho middle ; a groove 
is formed, dividing the mouth into two equal 
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A falxyland of lantastlo shapes and brilliant colour The camera Invades the lovely pools of the Great Barrier 
Reef and discovers (top) sea-urchins, starfish and bScbe-de-mer among the coral 
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parts, and this groove gradually deepens until 
the whole body of the creature has boon cleft 
down the centre. Thus two polyps have 
gi'own out of one, and though united, they 
are yet individual and distinct, and oach has 
its own stony skeleton. It is by incessant 
division of this kind that the curious “ brain- 
coral "is produced, in which the coral skeletons 
extend in a complex, maze-like formation 
over the entire surface of the colony, so that 
eventually the latter bears a remarkable 
resemblance to the convolutions of the human 
brain. 

TAe Great Barrifr Reef 

Let us turn now to the more impressive 
handiwork of these tiny, jelly-like polyps, 
and try to realize the truly grand scale of 
their achievements, which entitle them to 
rank as the greatest active builders of 
material things. For more than 1,200 miles 
along the north-eastern coast of Queensland 
stretches the Great Ban-ier Reef, the largest 
of all coral formations, with an area of 
roughly 100,000 square miles, composed 
almost entirely of the skeletons of departed 
pol3rps and their living descendants. 


Between the reef and the Australian main- 
land is a lagoon-like channel, varying 
between 20 miles and 70 miles in width, and 
with a depth of water in places of 400 feet, 
forming an admirable roadstead for the 
largest vessels where they are sheltered by 
the reef, as by a vast breakwater, from the 
long rollers of the Pacific. At intei'vais there 
are several deep, natural passages traversing 
the great wall of coral, through which ships 
may enter in safety. 

It is dillioult to determine the ago of this 
great reef, but certainly it is many, many 
oenturios since the first polyps clung to the 
submerged rocks and began the laborious 
initial steps in their great undertaking. 
The accumulated skolotons of their descen- 
dants must now weigh millions of tons. 

It is not only by reason of its size and iis 
origin tliat the Great Barrier Roof is a thing 
of wonder. The gorgeous colours of the 
coral rocks, extending as far as the eye oan 
SCO, make an unforgoitablo picture. They 
might almost be taken for a gigantic garden 
stocked with exquisitely tinted (lowers — 
violet, purple, crimson, orange, and brilliant 
emerald green. On ajqjroaching close to 



Photo! QumtiUmiRatltmy ComiittfSiomr 

On the Great Barrier Reef, Australia. At low tide, tbe coral. In all tta varied Beauty, Is exposed to view 
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the reef the manifold 
different shapes of the 
coral colomes spring 
to the eye — many- 
hranched and slender, 
like the trees of an 
enchanted forest , or 
■winding backwards 
and foiwards in an 
endless, complicated 
pattern; or mconceiv- 
ably thin and fragile, 
or again outrageously 
fantastic and gro- 
tesque. Very promin- 
ent are the numerous 
colonies of star-corals, 
some of which assume 
the form of large, 
smooth, round boul- 
ders that look strange- 
ly like gigantic human 

Sculls that have been Plmoi NpetllonlmxnatuKjiMHSlimdJtattwajiUmmmtaner 

loft i-n tilnnnfi TiATipnt.li The Barrier Reel teems trtth Wonderful marine Ute Here are eeUy-coloured coral 
lem to Dieacn oeneaen {Tetradrachnum aruanum) In the clear depths of a coral pools while above, a sea 

the ncrce sun. Another (£{ue llnohlo) and a clam are seen on the edSe of the reef at Heron Island 

curious formation is 

that of the so-called organ-pipe corals, in ooimeoted firmly together by horizontal plat- 
which each member of the colony constructs forms, so that the colony strikmgly rraembles 
a limy tube. All these separate tubes are the flue-work of an organ The pipes are 
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coloured a deep red, and the living polj^ps of 
this species are a vivid Jilac or purple. 

Then tliere are the brilliant porites, which 
play a leading part in building up the reefs, 
often sending up great branches of coral 
more than 20 feet in length from the clear 
depths of the sea, wliich act as piers and 
columns to the huge fabric, and carry other 
massive colonies on their summits, like 
brightly coloured birds’ nests. Porites are 
found in great abundance on all tropical 
reefs. On the Great Barrier Reef they are 
tinted lilac, rich brown, deep yellow or a 
dainty pinlc; wliilo on the reefs of the West 
Indies they are commonly a brilliant blue or 
delicate green. In part, the brilliant colora- 
tion of corals may be due to pigment colls in 
the tissues of the animals; but in many 
instances it is believed to owe its origin to the 
agency of minute parasitic sea algae with 
whioh the polyps are infested. 

As though the limit of extravagant colora- 
tion had not been reached in the coral 
colonies themselves, the Great Barrier Reef — 
and, indeed, practically every coral roof — ^has 
a host of other brilliant inhabitants, such as 
the lovely flower-lilie anemones (whioh we 
have described elsewhere), and many gaudily 
arrayed fishes, which make their homes 
among the coral-fringed pools, being careful 
to select as neighbours those polyps whoso 
colours hai'monize most fully with their own, 
whereby they become more or less incon- 
spicuous to their numerous foes. 

Coral formations are not distributed indis- 
criminately tlnoughoirt the globe, hut are 
found only in limited regions which have 
proved suitable for supporting tho life of the 
reef-building polyps. Among the essential 
factors, one of the most important is the 
temperature ol the ocean, which must not 
drop below 68° Farenhoit at any time of 
the year. Thus, tliere are many waters 
even within the tropics in whioh reef corals 
will not flourish, owing to the proximity 
of cool currents. Another necessary con- 
dition ia a favourable depth of water, which 
even for the deepest-living reef coral should 
not exceed 120 feet. Again, the sea must be 
rich in minute organic life, so as to provide 
the polyps with abundant food; and it should 
not be contaminated with mud or sill, or 
diluted with fresh water ; from this it can bo 
seen that coral formations wi 1 not bo found 
in the seas bordering the mouths or estuaries 
of large rivers. 

These essential requirements narrow down 
considerably the localities in whioh coral reefs 
and islands may be expected. None are 


found on tho western coasts of Africa and 
America, and in the Atlantic as a whole they 
arc uncommon. The Pacific, within certain 
latitudes, is particularly rich in coral forma- 
tions; they are plentiful in the waters oil the 
eastern coast of Australia, including among 
their number the Great Barrier Reef ikself. 
The fcSoloinon Islands, the Ellice Islands and 
New Caledonia are only a few of the many 
islands in this region that are of coralline 
sti’ucture. It is interesting to noto, however, 
that though tho rooky submarine shelf on 
which arc built the Groat Barrier Reef and all 
the ncighhoriring atolls which have given this 
region its name of the Coral 8oa extends as 
far as Now Guinea, tho fresh, muddy waters 
of the Fly and other rivers prohibit the f orma- 
<ion of coral along the southern .shore lino of 
Paima, and this region is devoid of reefs in 
consequence. Coral formations in tho Indian 
Ocean include the Laccadive and Maldivo 
Islands, tho Cliagos Archqjelagn, tho Cocos- 
Keeling Islands, tho Seychelles, Bourbon and 
numerous reefs fringing Madagascar and 
Maurithis. In tho West Indies and ofT tlio 
coasts of Florida and Brazil there are 
numerous reefs, while tho Bermudas enjoy 
the distinction of eorajjrisiug the coral 
formation most distant Irom the Equator. 

An Engrossing Subject 

The numerous points of interest prosonted 
by coral roofs and islands have engrossed the 
attention of many naturalists. Tlio earlier 
of these believed that tho coral structures 
were built up solidly from tho bed of the 
ocean; bill when it was discovered that the 
reef-building polyps cannot llourisli in water 
of a greater depth than about 120 feet, the 
conclusion was reached that all coral forma- 
tions in deep water mu.st rest upon sub- 
merged hanks or volcanic cones reaching to 
within 120 feet of tho surface, though it 
seemed difficult to account for the occuiTonce 
of so many of those submoi'god platforms all 
of tho correct ' height, scattered so con- 
veniently throughout the tropical seas of tho 
world. 

During the celebrated voyage of tlie 
Beagle, Charles Darwin had identiful oppor- 
tunities ot studying coral formations; and, 
becoming dissatisfied with existing thooims, 
ho devoted much thought and study to the 
problem, eventually publishing a monograph 
on tho subject (“The Strnoturo and Distri- 
bution oi Coral Reefs”), in which his famous 
Subsidence Theory was given to tho world. 
Darwin’s views mot with widesinmd criti- 
cism, but eventually his theory was accepted 
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Captured edible Green Turtles {Chelone mtdas) placed In a “safe" position on the sand 



Photo Otho Wtib Embury Bamtr Rei.f ExpfdtHota 


Turtles are found In large numbers In the tropical waters around the Barrier Reef 

Youne Iioiieerbead Turtles [Chetone ImbHcoto) about to leave tbelr nest— a bole In the beach about a foot deep- 

tor tbe sea 
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by the main body of scientists as the most 
feasible explanation of the growth of coral 
structures; and though challenged from time 
to time by other eminent authorities, it is, 
perhaps, on the whole the most consistently 
reasonable of all the suggestions that have 
been put forward. 

Darwin recognized three principal forms of 
coral reef — ^fringing reefs, harrier reefs, and 
atolls. Fringing reefs are coral formations, 
usually of no great size, which surround 
islands or skirt the shores of continents. 
They are perhaps the commonest types of 
coral structiu’es in all tropical seas, and are 
distinguished by the absence of a deep 
chaimel separating them from the land. 

Barrier reefs occur 
usually at a much 
greater distance from 
land than fringing 
reefs, and they arc 
separated from shore 
by a deep channel. 

Further, their sea- 
ward margin generally 
gives indications of 
rising abruptly from a 
great depth of water, 
which is not the case 
with fringing reefs. 

All those traits arc 
exemplified in the 
Great Barrier Reef of 
Australia. This is 
more properly de- 
scribed as a “linear” barrier reef. There is 
also the “encircling” type of barrier reef, 
which surrounds an island, or land-mass, but 
is separated from it by a deep lagoon. 

Atolls, which mainly comprise the familiar 
“coral islands,” are coral reefs in the form 
of a ring or a horseshoe. The latter is the 
more usual shape, with the opening turned 
towards the leeward; on this side the growth 
of the coral has beon less rapid and complete, 
for the polyps, under-nourished and choked 
perhaps with sediment, have lacked the 
advantages of the constantly renewed water 
which has stimulated their more fortunate 
relatives to windward. An atoll is in all 
respects similar to an “encircling” barrier 
reef, except for tho fact that the lagoon which 
it encircles does not surround an island. 

The upper layer of any coral sti'ucturo may 
be exposed at low tide, and the reof may be 
artificially heightened by sand, driftwood, 
dust and fragments of dead coral broten oil 
by the waves, so that in time it stands per- 
manently above the water. Drifting trees, 


bushc.s and fruits — such as pineapples and 
coconuts — and seeds contained in the floating 
carcasses of dead birds, or in tho droppings 
of living ones, provide tho beginnings of 
vegetable life, and the vegetation increases 
and enriches the soil in its decay; so that in 
time there appears a substantial land-mass, 
tliiekly teeming with life, and founded upon 
the skeleton remains of millions of industrious 
polyps. Such has been the wonderful, if 
humble, history of many of our most pros- 
perous and fertile islands, with their towns, 
houses, shops and roads, their manufactures, 
harbour-works and local government! 

These three main forms of coral structure, 
maintained Darwin, were but successive 
stages in one cou- 
iinuous process of 
growth, so tliat all 
atolls had at dillcrcnip 
periods of their history 
been fringing reefs 
and then barrier reefs, 
before assuming their 
most recent form; 
and, simihuly, all reefs 
are but immature 
atolls. Tho manner 
of their growth, ac- 
cording to Darwin, 
is as follows: ‘Tt is 
a familiar fact that 
many portions of tho 
earth’s crust are gradu- 
ally sinldng or settling, 
while other regions are just as gradually 
being upraised. Suppose a number of polyp 
colonies starts to build on tho submerged 
shores of an island which is slowly subsiding 
into the sea, then tho upward growth of 
the coral will tend to neutralize tho settling of 
the land, so that tho roof will appear to be 
stationary, while actually its lower strata aro 
being thrust deeper and deeper into tho sea. 
The coral at this comparatively early stage 
forms a fringing reef round tho island. 

“The seaward border of a coral reef is 
always the most active and vigorous, since it 
has the benefit of an unrestricted food supply 
from the free circulation of tho water, and 
by heavy waves is scoured clean of tho sand 
and dead coral which otherwise would 
iinpedo its growth. Therefore tho outer 
fringe of coral continues to grow upward, 
while the stunted inner coral, unable to keep 
pace with the subsidence, sinks lower and 
lower and is eventually covered by a chamiel 
of deep water, which separates the vigorous 
part of the reef from the gradually diminish- 



A coral atoll usually takes tbe form of a horseshoe, 
enclosing a lagoon 
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A coral Island in the Bahamas 

a coral atoll In the Cumberland Oroupi Whitsunday Passaile^ Australia 
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ing land. The fringing reef has now become a 
barrier reef, which, if it be of the encircling 
type, encloses a lagoon that has a small peak 
of land in its centre. 

“Meanwhile the subsidence continues until 
the last fragment of this land disappears 
beneath the waters of the lagoon; the reef 
has now taken the form of an aioll, roughly 
circular in shape, which, as we have scon. 



Photo Otho Bartier Reef Lxpedttioitk 

Luxuriant vegetation is cbacacterlstlc or the narrler Reef Islands— 
OonvolvuluB In a plsonln forest on Nor'- West Island 

becomes a nucleus for sediment and rubbish 
of all kinds, and after long ages is trans- 
formed into a more or less habitable island.” 

Such ivas Darwin’s ttieory explaining the 
building of coral structures. It gained 
immediate acceptance among many soientifio 
j’ psrhaps the theory most generally 
held to-day. But several scientists opposed 
fr, chief among whom were Louis Agassiz and 
Sir John Murray, the distinguished naturalist 
of the Challenger expedition. Darwin had 


objected to the older theories of coral forma- 
tion on the ground that it was inconceivable 
for there to bo so many submerged peaks 
massed in the tropical seas at just the right 
distance below the surface for coral polyps to 
start their operations, without a great many 
peaks appearing also above the surface, far in 
excess of those that actually project; but 
Murray contended that submerged banks and 
mountain peaks, lying origin- 
ally at a dopih at which no 
coral polyps could flourisli, 
might in time be raised high 
enough to conic witliin the 
range of their aclivitics by the 
inoessant rain of skeletons of 
minute sea organisms from 
the waters above, and by the 
dcposiling of other debris. 

Havmg bocomo firmly estab- 
lislicd, argued ISir John Murray 
and his suiiportcrs, the coral 
eolonies will eoutinue to grow 
upwards until they break the 
faiirfaoe of the water, the roof 
taking the form of a typical 
atoll ring, if it had been founded 
around the conienl peak of a 
Hubmergod inoimtain; or of a 
linear reef— -sueh as tho Groat 
Barrier lloet^ — if built origin- 
ally upon a submerged ridge 
or bank. Tho polyps on the 
outer fringe of tho reef will, 
as wo have seen already, grow 
with tho greater vigour, so 
that the periifiiory will bo raised 
higher than tho centre. In tho 
centre, moreover, not only will 
the coral bo stunted and feoblo, 
but tlie dead portions of tho 
rock will be eaten away by 
the chemical action of the sea- 
water and washed away by tho 
tide, fio that ovoiitually tlic 
reef will entirely surround a 
lagoon. 

This reasonable theory dis- 
regards the subsidence of tho land altogothor, 
and thus it servos to explain tlio ocourroiioe of 
coral reefs and islands in regions whore the 
earth s crust was known to he actually rising, 
instead of settling, as is the case in tho J’olew 
Islands, in the North Pacific, Tho roscorchos 
of other workers have further made it plain tha t 
for several cogent reasons many of the world’s 
coral formations — including the Florida Reefs, 
the Fiji Islands, some of the West Indian 
Islands and perhaps also tho Great Barrier 
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A ma£nlflcetit bank of Toumif oi tea argentea in flower on a coral Island in tbe Capricorn 

Group 
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Grove of tropical palm trees on Irindeman Island 
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Precious Red Coral 


Reef — do not seem to have been formed in 
areas undergoing subsidence. 

In 1896 a scientific expedition set out for 
the Ellice Islands, in the Pacific, for the 
purpose of making borings through the coral 
rock in an endeavour to clear up the problem 
of coral formation by an inspection of the 
various materials encountered. Borings 
made through the coral reached an extreme 
depth of 1,114 feet. The core of rook 
extracted by the drill was found to consist 


maintained at a fairly constant level by 
successive generations of polyps. 

Neither of these two main theories of coral 
growth serves by itself to explain the forma- 
tion of all the reefs and atolls that are met 
ivith; and, indeed, it seems likely that there 
is no single true explanation, but that in 
different circumstances different causes have 
operated in the erection of these massive 
natural walls and islands. 

So far we have made no mention of that 
kind of coral ivith 
which everybody is 
moat familial’ — tho rod, 
or precious, coral. This 
is found principally in 
the Mediterranean , and 
though of no use in 
land-building, it has 
since time immemorial 
been a favourite 
article of personal 
adornment and has 
boon the object of a 
largo and widcsiiroad 
trade. The Romans 
had implicit faith in 
tho medicinal powers 
of coral and in its 
offioienoy for averting 
tho “ovil eyo”; and 
the modern Italians 
still wear fragments of 
coral for this lattor 
purjiose. In tho East, 
from very .mciont days, 
rod coral has boon 
fashioned into oluinus 
and Jewellery and em- 
ployed for every kind 
of ornament; mid very 
high prices are o b taiiied 
_ lor tho finest qualities, 

in Kashmir, records Marco Polo, wi'iting at 
tme end of tho 13th century, coral imported 
&om Europe was sold at a higlior price than 
m any other part of tho world; while in Tibet 
It w^ used as money and for tho adornment 
of idols. 

_ the Middle Ages, and for long after, tho 
right of coral-fishing along the North African 
coast was a jealously guarded monopoly, 
Italy, Spain, Prance and — during tho 
Napoloonio Wars — England succossively 
^joying this privilege; in modoi’n i/iinos 
Pranco has once again assumed the raonoply, 
^d the fishing of the valuable Algerian reefs 
fay foreigners is only permissible under a duty. 
A space of ton years is deemed lung enough 



, , Photo Noel Moiihmm 

Dusk railing over the coral Islands of the Barrier Reef can be one of the lovellost bights 
In tho world— Green Island, near Calms, Queensland 

entirely of limestone, comprising the remains 
of corals and of lime-secreting algsa and other 
organisms; but even at this great depth 
neither the subsided land nucleus of Darwin 
nor the submerged mountain peak of Sir 
John Murray was reached by tbo drill, 
leaving the evidence inconclusive. However, 
a boring made through the water of a lagoon 
into the rock beneath revealed the existence 
at a depth of over 270 feet of the remains of 
various corals that flourish only in seas of 
a much shallower depth than this. Such 
evidence was taken as conclusive proof that 
this island at least had heen formed by 
subsidenco; and that, during the gradual 
settling, the floor of the lagoon had been 
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Boats that Skim 


for the coral polj'ps to replenish the reefs, and 
so the latter axe divided into ten regions, of 
which only one is fished in a year, the others 
being strictly preserved. When the coral has 
been tom &om the sea>hed by means of a 
special dredge it is cleaned, graded, sold and 
despatched to the manufactories, which are 
centred principally in Naples, Leghorn, 
Genoa and Rome, a few being located also 


in the native bazaars of Egypt and North 
Africa. 

Coral of superfine quality, tinted an 
exquisite rosy pink, has been known to fetch 
the extraordinaTily high price of £120 an 
ounce, while a similar quantity of the small 
scraps and fragments which axe left over as 
waste from the manufacture may be obtained 
for a few shillings. 


CHAPTER Vm 

BOATS THAT SKIM AND BOATS THAT SWIM 


•yO those who axe not conversant with 
boating terms the word “hydroplane” 
may suggest a flying-boat or a seaplane 
rather than a motor-boat. The term is 
certauily confusing, because the eaxHeat 
flying-boats originated from the hydro- 
aeroplane, an entirely different invention 
from the hydroplane, which latter the 
inventors hardly intended should take wings 
to itself and fly. 

Points about the Hydroplane 

The hydroplane, however, is not an ordi- 
nary boat, for entirely different principles 
are involved both in its construction and in 
its manner of ridiug the water. In other 
types of watercraft the hull is buoyed up 
by pressure of the water displaced: whether 
the boat be floating stationary or he in motion 
the weight of tho boat displaces an equal 
weight of water, and as ihe boat travels 
along, the water in front of it is merely 
pushed aside, while the amount of water 
displaced remains practically the same. The 
hydroplane, in contrast, is so built that when 
in motion it rides on the surface of the water 
and is kept afloat, not by displacement, but 
by the thrusting downwards of a certain 
mass of water as it forges along — ^in much 
the same way that an aeroplane is supported 
in the air by its wings. 

The hydroplane is very lightly constructed 
and has an almost flat bottom which is 
shaped in such a way that when the craft 
is travelling at a high speed the pressure 
of the water on the bottom raises the boat 
to the surface. The flat stones we sometimes 
akiTu over the surface of a pond are acted 
on by similar forces, and if it were possible 
to project them with sufficient velocity, 
there is no reason why they should not go 
on skimming. 


Hydroplanes are provided with what are 
termed “steps”: the bottom of the boat, 
instead of being formed in one continuous 
longitudinal plane, is built in two or more 
inclined planes, each separated by a step 
from tho next. When such a boat is turned 
upside down, its bottom is seen to form two 
or three steps rising from steam to bows. 
The reason for this is that steps assist in 
overcoming the frictional resistance of water. 
If the bottom of the boat were formed in 
one plane tho entire surface would be subject 
to the resistance of the water; by makmg 
the after part of tho hull in a higher longi- 
tudinal plane, however, this resistance is 
lessened. When the boat is driven over the 
water at a high speed, air is drawn between 
the surface of the water and the rear part 
of the bottom of the boat and remains there, 
supporting tho after part of the hull and 
keeping it out of actual contact with the 
water. The craft therefore skims along with 
only the forwaxd part of the hull immersed, 
and that only to a shallow draught. Thus 
frictional resistance is lessened and higher 
speeds are made possible. 

Boats of this description were built nearly 
fifty yeaxs ago, but not until the internal 
combustion engine was invented did they get 
beyond the experimental stage. Nowadays- 
all high-speed racing croft are of the hydro- 
plane type and it is to racing that the hydro- 
plane owes most of its popularity. Tho 
first important racing event in this country 
was inaugurated by Sir Alfred Harmsworth 
(later Lord Northcliffe) in 1903. It was 
named the British International Trophy 
and was won by Mr. S. E. Edge in Napier I, 

The British International Trophy 

In the following year the same pilot was 
successful in Napier Minor, which averaged 
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23| miles per hour. In. 1907 the trophy 
went to America, where it remained until 
1912, when it again returned to this country. 
Mr. Maokay Edgar was the pilot on tl^ 
latter occasion, and he accomplished a speed 
ot over 40 knots in a forty-foot hydroplane, 
named Maple Leaf IV, which was fitted 
with a 760 horse-power Austin engine. In 
the following year the same pilot and boat 
exceeded 60 knots — ^that is, about 67 J land 
miles per hour. Durmg the Great War no 
racing took place, but in 1920 Mr. Gar Wood 
won the trophy by attaining a speed of 56 
knots in Miss America, a twenty-six-foot 
boat with an 800 horse-power engine. Since 
then, ill spite of vaiioua British attempts 
to wm it back, the tiophy has remained in 
America. 

Britain and the Speed Record 

Although Britain has failed to regain the 
International Trophy, it holds the world’s 
speed record for racing motor-boats. In 
1928 Major Henry Segi’avo (later Sir Henry 
Segrave) wont to America with Miss England, 
a single-step hydroplane having a 930 horse- 
power engine, to compete agamst Gar Wood’s 


Miss America VII. The American boat 
had engines capable of developing 2,300 
horse-power. To everyone’s surprise — for 
his attempt was very hastily planned — 
Segrave won at a speed of 90 miles per hour. 
Hia success was partly due to the fact that 
Gar Wood had underestimated his opponent’s 
skin and took risks which resulted in the 
failure of his own steeling gear. 

Segrave’s Death after attaining loi miles 

per hour 

The victory stimulated British interest in 
motor-boat racing ivnd steps were imme- 
diately taken to capture the world’s speed 
record. In 1930 the Miss England JI was 
completed and fitted with a pair of Rolls- 
Royce engines capable of developing S,8Q0 
horse-power. Segrave took the hydroplane 
to Lake Windermere, in Cumberland; and 
on June 13, with his two mcchanios, WiU- 
cooks and llalliwcll, made his attempt on 
the record. Tho first run over the measured 
mile was made at a speed of 9641 miles per 
hour, and the second at 101 •! I miles per 
hour — giving a mean speed of fl8-70 miles 



High-speed motor-boat racing and attempts on tho speed record may bo thrilling to watch but they are Aaught with 
great danger to those In control of the heavily-powered boats. Sir Henry Segrave, one of the greatest pilots of raUng 
cialtot all time, lost hla life atthehelm; but Mr.KayeDon and, later, Mr. Scott-Palno (seen above in MUs Britain III) 
have come forward to uphold British prestige In this field of sport 
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Tearing through the water at a speed of over 40 knots— a 900 h.p. Thomycroft motor torpedo-boat on test. One of a fleet 
built for the Siamese aovemment, this oraR carries torpedoes, machine-guns, depth charges and apparatus for creating 

a smoko screen 


per hour, which set up a new record. Un- 
happily, during a third attempt to raise the 
record still higher, the boat suddenly cap- 
sized and sank, Halliwell and Segrave both 
losing their lives. 

It is believed that the boat struck the 
submerged branch of a tree, which tore a hole 
in its bottom. The new mean speed was ac- 
cepted as a world’s record, but did not stand 
for long. In March of the following year 
Gar Wood, in Miss America IX, recaptured 
the record with a speed of 102'26 mUes per 
hour. Miss England II was repaired and 
strengthened, and on April 3, 1931, Kaye 
Don, now the British challenger, regained 
the record with a s^eed of 103'5 miles per 
hour; this run was made on the Parana 
River in. Argentina. In July of that same 
year, on Lake Garda, Italy, Kaye Don 
raised the record still higher with a speed 
of 110-28 miles per hour. The present 
record is held by Gar Wood, who attained 
128‘98 mUes an hour on Lake Michigan in 
1936 — a magnificent performance. 

It must not he concluded that the hydro- 
plane’s sole utility lies in racing, though in 
the experimental stages that might have 
been the case. Before this phase had passed. 


however, the high-speed motor-boat entered 
into an entirely different field of use. Long 
before 1914 it had occurred to certam naval 
experts that the hydroplane might be made 
use of in warfare. It was thought that if 
two or three boats of this description were 
carried on a larger war vessel they could, 
when opportunity arose, be released to dash 
in and at close range launch torpedoes at 
enemy ships. Their great speed, their sha low 
draught, and the ease with which they could 
be manoeuvred would make them difi&cult 
targets for enemy guns, and altogether they 
would be a useful auxiliary to the destroyer 
fieet. 

The First Steam-driven Torpedo-boats 

Little progress with this t3fpe of craft was 
possible, however, until the internal com- 
bustion engine had been perfected. Sir 
John Thomyoroft’s firm was the first really 
to exploit the possibilities of the hydroplane 
torpedo-boat, and they persevered with their 
experiments right up to the outbreak of war 
in August, 1914. In the first year of the 
war tluee naval officers. Lieutenants Anson, 
Brenmer and Hampden, managed to con- 
vince the Admiralty that fast hydroplanes 
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Motor-boats at Zeebiugge 


could be made practicable war vessels; and 
in 1915, twelve forty-feet single-step hydro- 
planes, carrying one torpedo each, and 
fitted with 260 horse-power motors capable 
of giving a speed of 30 knots, were designed 
and built. They became known as coastal 
motor-boats and proved their uscfulnoaa so 
soon that faster and larger boats of the same 
description were immediately put in hand. 

Coastal Motor-boats for Torpedoes 

The new type of coastal motor-boat 
carried two eighteen-inch torpedoes, was 
fifty-three feet long, and had a pair of 376 
horse-power motors that gave a speed of 
40 knots. Later, still larger boats, seventy 
feet long, were built. 

The greatest problem in constructing the 
first fleet of coastal motor-boats was that 
of weight, smoo they might not exceed fomr 
and a half tons if they were to bo hoisted on 
board a motlier vessel. Taking into account 
the weight of the engine and that of the 
torpedo, it will be realized that the hull of 
the hydroplane wwdd need to be very 
lightly built, a fact that vuUrally prohibited 
the use of metal. A further problem was 
that of finding a safe and ofllootive method 
of disohargmg the torpedo. Eventually this 
was overcome by carrying the torpedo in a 
slide and firing it tail first from the stern. 
In view of the fact that Avhon the torpedo 
had been discharged it immediately shot 
forward in the path of the motor-boat, the 
latter bad, of course, to execute a quick 
manoeuvre to avoid boiug struck and 
blown up by its oaati death-dealing pro- 
jectilo. The larger type of coastal motor- 
boat was not designed to be hoisted on board 
another ship; nevertheless, in order that it 
sliouH be able to attain maximum speeds, 
this craft ivas ilesigned on the lightest possible 
lines. 

The Motor Launch in Naval Operations 

During tlie War, in addition to attacking 
vessels with their torpedoes, these boats 
served a number of otiier useful purposes, 
creating smoke screens for Avarships and 
guiding these vessels by laying flares at 
night. During the Zeobnigge raid on St. 
George’s Day, 1918, they played an important 
part in screening our oato vessels with smoko 
and in torpedoing enemy destroyers. After 
1918, motor-boats took part in attaclcs on 
the Bolshevilc fleet and succeeded in makin g 
their Avay into Kronstadt harbour, whore 
several vessels of the Russian naval fleet 


wore torpedoed. Since 1918 coastal motor- 
boats, developed on special linos, have 
become an important arm of all war services 
in nearly every country possessed of a sea- 
board. In Briiain the Navy, the Array 
and the Royal Air Force all Inwo their 
OAvn fleets of motor-boats, and Avliilo con- 
struction may differ slightly in detail, the 
basic essentials are the same. Italy, in 
particular, has doveloj)ed this typo of naval 
vessel extensively for use in the Adriatic 
and the Mediterranean. 

Another type of motor-boat which has 
been developed for war purposes is the motor 
launch. In this case the boats wore used 
to relieve the destroyers and othoi’ larger 
vessels from patrol duties, so that the latter 
might bo freed for more important work. 
The launches were a great deal bigger than 
the coastal motor-boats and weio “dis- 
placement” vessels. Instead of carrying a 
crew of two or three men — ^wMch was all the 
coastal motor-boats could accommodate — 
ihey carried two officers and eight men; 
were seventy-five foot to eighty feet in Icuglh ; 
and wore fitlccl with a pair of 220 horse- 
poAVor petrol engines giving a maximum 
s])ced of 20 miles per hour. While their 
duties were not so spectacular, perhaps, as 
those of the coastal molor-boats, they 
iieverthelosB perlormed jirany heroic feats, 
notably at Zeebruggo and Ostencl. As 
(woryoue avIio has read of iiho raid at Zee- 
brnggo knows, one of the aims Avas to block 
the canal by ships that Avere run into its 
mouth and deliberately siiuk, so as to 
l>revont the ingress and egress of Gorman 
submarines. The croAvs of tho blockshiiis 
know that there was a slender chance of 
coming out alivo, and tho danger to tho 
attendant motor launches was little loss, 
since upon these craft devolved tho duty 
of i)icldng up the men from tho sunkon 
vessels. In due course the official re])ort on 
the raid was issued by the Admiralty, and 
the following extract shoAvs clearly though 
briefly the X7art played by tho motor 
launches: 

“With the two oflloers anti two petty ofllcors 
Lieutenant Bonhom-Carter launched a Otu’lcy 
roft and. Avent down the eanol until picked up 
by Motor Launch 2S2. This motor launch eniuo 
out into the canal under tho stern ol the JpMffenla 
— the next blocking ship— -under heavy fire. She 
was coimnandod by Lieutenant Percy J. Dean, 
R.N.V.B., AvhOBO conduct Lieutenant Bonhani- 
Carter desenbes as simply msgnifloent. 'I have 
had the pleasure,' ho says, ‘of recomniouding this 
officer to their Lordships for promotion, and T 
oonsider his gallant conduct is well worthy of 
the Vjot-orja Cross.’" 
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The motor-launch developed for use In the Royal Navy— one of the new speed dinghies travelling at over 20 knofs 
during official trials at Cowes. These tiny vessels will be used for such purposes as communication between 
warships and the shore and between one ship and another 
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Outboard Motor-boat Racing 


The report goea on to tell of the coolness 
and courage of the officers and men of the 
motor launches who rescued the crows of 
the other blockahips when their work was 
completed 

Outboard Motor Craft 

There is to-day a large number of motor- 
boats which arc solely pleasure craft, for 
motor-boating is becoming increasingly 
popular. Much of this iiopularity is due 
to the introduction of the portable outboai'd 
motor which, by means of a clamp, can bo 
attached to or detached from the craft at 
will. In England, outboard racing began in 
1923, and in those days 10 miles an hour was 
considered a good speed; but the outboard 
liydi'oplaiie quickly followed and supersede<I, 
BO far as high-speed racing was concerned, 
ordinary outboard craft. 

By 1928 outboard motor-boat and hydro- 
plane racing was in full swing; and in 1929 
a run from Dover to Calais and back was 


organized for these vessels. The contest 
turned out a failure, and it was very for- 
tunate that no casualties resulted. On the 
morning of the race thirty-six boats set out, 
but visibility beearao very bad. Most of 
the competitors had no experience with such 
craft on tho open sea, and soon discovered 
that outboard racing on rivers and sheltered 
waters was a very different proposition. A 
few competitors reached the French coast 
safely, but the majority had to bo rescued 
by patrol boats; and some were even forced 
to spend tho night on tho water, with thou' 
frail ci-aft tossing about helplessly until at 
last they wore picked up cold and exhausted. 
Had a storm blown up or oven a moderate 
gale, tho result might have been disastrous ; 
and in all probability a number of boats 
would have gone down. 

The immediate effect of this race was to 
discourage the use of light outboard craft for 
sea racing, although tho outboard hydro- 
plane still retains its popularity for speed 



1. One stern torpedo tube. 2. Mess deck, 
torpedoes. 12. Two bow torpedo tubes. 


Longitudinal section of the British submarine I 

3. Motor room. 4. Diesel engine room. 5. Mess deck. 

13. Telescopic wireless masts. 14. Twin periscopes. Thoudh 
remain the same and this illustration should be studied In 
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Wonders of the Submarine 


contests in sheltered waters. King Edward 
VIIT, when Prince of Wales, took to the sport 
enthusiastically and bought and raced hydro- 
plane craft. Another effect of the abortive 
Dover to Calais race was that it led to the 
introduction of the outboard dinghy which, 
so far as sea racing is concerned, baa super- 
seded the hydroplane. The outboard speed 
(Jingliyj complete with motor, can be bought 
for about half the price of a small car. An 
ordinary outboard dinghy, not designed for 
racing, costs oven less and provides at small 
expense a great deal of pleasime for those 
content to travel more leisurely. Punts, 
too, can he fitted with outboard motors; 
indeed any light craft can at little cost be 
converted into a motor vessel. 

Of all the modem mechanical inventions 
probably the submarine is the most marvel- 
lous; certainly it is the moat complicated, 
for many of its technicalitioa are unknown 
oven to the average engineer. One of the 
earliest attempts at a submersible vessel was 


made with an ordinary boat tho deck of which 
was completely covei ed and tho hull enclosed 
in a casing of leather thoroughly smeared 
ovei with grease. The method of propul- 
sion was with oars which were passed through 
holes, the latter being protected by dia- 
phragms which prevented the water from 
getting into the hull. Air was admitted to 
the inside of the vessel tlmough a hollow 
mast. In IG20 an inventor named Cornelius 
van Drebbel is said to have travelled under 
water from Westminster to Greenwich in 
a boat which he had constructed, the vessel 
being immersed only a few feet below the 
Biu'face. 

How ike Early Submarine Worked 

A big step forward in submarine invention 
was made in 1747 by a man named Symons, 
for he realized that a boat could be made to 
sink or rise at will by varying it.s displace- 
ment and thereby its buoyancy; this he did 
by allowing -water to enter air chambers 



with the principal parts of the vessel named!— 

6. Two beam torpedo tubes. 7. Batteries. 8, Control room. 9. Weriroom. 10. Pan^. , 

thla type has now bees suporsorf^ by submarfnes more recent design, the esseatiai prhacipjes of construcu 

conjunction with the Interior photographa on succeeding pages 
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built into the vessel and by pumping it out 
again when occasion demanded. It is by 
the use of this same principle that modem 
submarines are able to sink below the surface 
of the sea and rise again at will. The 
first real submarine was built by David 
Bushnell, an American, in 1771. Only one 
man could sit in it, and it was propelled by 
means of a hand gear msido the boat operat- 
ing a propeller at the stern. An ordinary 
rudder was used for steering and a tank at 
the bottom of the vessel contained ballast 
water, Bushnell’s submarine, called the 
Turtle, was built for use against war vessels, 
and during the American War of Indepen- 
dence an attempt was made to blow up the 
British warship Eagle, then lying in the 
Hudson. BushncII never succeeded in attain- 
ing his object, because of dilBcultios in exactly 
locating enemy vessels and in attaching 
to their hull the explosive mine his vessel 
carried. 

Robert Rulton, famous for his steamboat 
Clermont, was the next .submarine inventor, 
and while his principles were much tho same 
as Bushnell’s his boat was entirely dilTerant 
in shape. Bushnell’s boat was more like a 
buoy in appearanoo, while Rulton’s was 
cigar-shaped. Napoleon I aided Fulton with 
money, but tho French government were 
not enamoured of the submarine and the 
venture was abandoned. 

Gustave ZddS's Submarines 

In the latter half of tho nmei eenth century, 
inventors again began to tackle tho problem 
of building on effective submarine. Garrott 
and Nordenfcldt constructed a cigar-sliapod 
craft, which Avas driven on the surface by a 
steam plant at the rate of 9 knots. When 
it was desired to submerge, the furnace and 
chimney were closed, and under the water 
tho vessel was driven at 4 knots by the energy 
obtained from steam stiU remaining in tho 
boilor. In 1888 the Frenchman Gustave 
Z6d6 launched the Gymnote, a cigar-shaped 
vessel built of steel. It was fifty-nine and a 
half feet long and six feet deep, and dis- 
placed thirty tons of water. A 65 horso- 
poAver electric motor was driven by 564 
accumulators and gave a speed of 7 knots 
under water. The boat had a conning 
tower and a periscope, and horizontal planes 
Avere employed to guide the submarine 
vertically up or doAvn in the water. 

Another French submarine, tho Gustave 
Zidi, was launched in 1893, but in spite of 
great expectations proved rather a disap- 
pointment. It was 160 feet in length, and 


twelve and a half in beam, and its displace- 
ment was 370 tons. Two electric motors, 
of 300 horse-power each, Avere used for 
propulsion and the vessel carried three 
eighteen-inch Whitehead torpedoes. The 
chief weakness of the Gustave Zidi lay in 
tho fact that her great length made her 
difficult to steer; and a secondary weakness 
was that she was so buoyant that the boat 
plunged from side to side and made life 
uncomfortable for her crow. As an experi- 
mental vessel, however, she proved extremely 
valuable; after havhig many improvements 
made to her, she succeeded in 1901 in passing 
unobserved through the French fleet, proving 
that had site been intent on destruction she 
might easily have sunk some of the ships. 

Origin of the Modern Submarine 

The original designs of the three inventors 
Robert H, Whitehead, Jolm P. Holland and 
M. Laubouf are those on which nearly all 
modern submarines are based, tho two last- 
named inventors rleriving iusphation from 
Whitehead’s torpedo. We may distinguish 
throe main typos of submarine according 
to their fundamental design: tho single- hull, 
the double-hull, and a type Avhich is a combin- 
ation of tho two, having some parts of tho 
vessel constructed with a double hull and 
other ijarts with a single Avail. John P, 
Holland’s invention was of tho singlo-hull 
typo and has been followed by tho British, 
American, Japanese and Simnish naAdos. 
Tho Laubeuf type has a double hull, and 
submarines of the IVench, Gorman and 
Austrian navies wore modelled on it. Tho 
composite hull, designed by an Italian named 
Lauronti, is used by tho Italian, Portuguese 
and Brazilian navies. 

Most navies build two typos of sub- 
marino, a smaller one for coastal defence 
and a larger for operation on tho high 
sea. The small ones are generally of about 
600 tons displacement (submerged), while the 
larger seldom displaces less than 1,000 tons. 

Some idea of tho importance of the sub- 
marine in modern navies can be gleaned 
from a brief review of the number of such 
craft possessed by the Great Powers. Of 
roughly 375 included in official returns for 
19'35, Great Britain had 61 ; Franco 82 ; the 
U.S.A. 84 ; Italy 64 ; and Japan 67. Germany 
had only 14 submarines, and Russia 23. 
British submarines of tho “Thames” type, 
constructed in 1931-36, have a surface 
displacement of about 1,800 tons and a 
submerged tonnage of about 2,700. The 
nominal horse-power is 10,000 with a speed 
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Tanks and Diving Geai 



o£ 22i knots on the surface. Submerged, the 
motive plant has an output of 2,600 horse- 
power and the speed is a mere ten knots. 
By contrast we may mention the “Sword- 
fish" type, with a displacement of 670-060 
tons, an output of 1,300-1,650 horse-power, 
and a speed of 10 to 13| knots. 

TAig Submarine’s Dual Power Plant 

A submarine is a vessel which must be 
capable of travelling on the surface of the 
water like an ordinary ship — and nowadays 
they travel almost as fast — and must also 
bo capable of total submergence and of 
navigation in this latter state. When the 
vessel is to be submerged, its buoyancy — 
that is its abiUty to float on the surface — 
is overcome for the time being by admitting 
water into specially constructed tanks, 
called ballast tanks. Those tanks must he 
of the req^uired size, almost but not quite 
to destroy the buoyancy of the ship; if they 
admit too much water the vessel will sink 
like a stone. When the tanks are full the 
submarine is just on the point of sinking, 
and is said to bo in “diving trim.” It can, 
however, submerge only when the vessel is 
travelling along at about four knots; the 
diving rudders, or “hydroplanes” as they 
are generally called, cannot function until 
that speed has been reached. It has been 
said that the tanlcs must he full when the 
submarine is in diving trim, but this only 
refers to the main haHast tanks. There are 
auxiliary tanks which are used for tr imm i n g 
the vessel, and there is also the buoyancy 
tank, situated about the middle of the 
vessel. It is not possible here to go into 
technical details, but the reader wiU know 
that salt water is more dense and thus more 
buoyant than fresh water; in consequence, 
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Almost invisible even from a rsry Jew altitude, the twin 
periscopes of a submarine seen from fhe a<r« Top^iAM 
gun In action on a veasel of tbe ** £ Class 
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the suhmaTine must take in a groator weight 
of ballast -uhen, suhniergiiig in the open 
sea, and must eject some of this when 
approaching the mouth of a river, where 
large volumeh of fresh water aro mixing 
with sea water. But for this adjustment 
of her displacement she would siiilt lower 
in the fre.shcr u ater. 

Owing to the need of air (or the oxygen it 
contains) for comhustion in an engine, two 
quite separate systems of propulsion have 
to bo employed — one for propelling the boat 


when on the surfaeo and the other when it 
18 submerged. When travelling on the 
surface Diesel engines are employed. Steam 
power was used up to quite recent times 
(1919), with a Diesel engine to come into 
use just before diving, after which elcctrio 
motors were brought into operation. For a 
time — indeed up to 1910 — ^petrol enginos 
were employed in all submarines; hut it is 
almost impossible entirely to control petrol 
vapour, and in consequence there was always 
a danger of a serious explosion occurring 
in the confined space of the submarine. The 
Diesel engine has several advantages, one of 
which is that far less weight of fuel is nooos- 


sary and therefore the submarine aulomatio- 
ally has had its radius of action considerably 
extended. The crude oil used is also much 
cheaper than petrol and, of course, is not 
inflammable in ordinary circumstances. 

When a submarine is submerged an entirely 
different set of apparatus is brought into use. 
At the present time it, is not possible to 
use Diesel engines or any form of internal 
combustion motor, because an enormous 
amount of air is required in operating them 
and there are the burned gases from the 
exhaust to be dis- 
posed of. The amount 
of available air m a 
submarine is so small 
that it would very 
soon bo oaten up by 
such engines and, of 
oourso, while the boat 
is under water it is not 
possible to obtain a 
fresh supply. Experi- 
ments are to-day being 
carried out both with 
Diesel engines and 
with steam turbines 
for imdor-water pro- 
pulsion, and it is pos- 
sible that at some not 
far distant date it may 
bo possible to use the 
samo ajiparatns for 
propolling the sub- 
marine both submerged 
and on the surface. 

At present the siib- 
morged vessel is still 
propelled by an oloctrio 
motor, the current of 
■which is supplied from 
secondary storage 
batteries. Electrical 
propulsion has certain 
ad'vantages which may always roconnnond 
it in preference to any other form, One 
outstanding advantage it has is that it is 
practically noiseless, and since 'war vessels 
are fitted with instruments wMoh can detect 
the approach of submarines this may prove 
a deciding factor in the retention of electrical 
propulsion. It is true that tho propeller of 
the submarine will abvays be hoard, hut 
the operator at the sound detection instru- 
ment may not ho able to distinguish it from 
that of any other typo of vessel. So far as 
replenishing tho batteries is oonoomod this 
is easily overcome; for the samo motor that 
drives the propeller-shaft can bo used to 



Control room of the British submarine L86 showing officers anU men at the dlvlnn 

stations “ 




Inside the L 66— The Diesel en^tae room, looking alt end {tap) preparing torpedoes. The rating on the right is charging 
one of the torpedoes with compressed air. Normal working pressure Is about 2,000 lb. 
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The Deadly Torpedo 


recharge the batteries when the vessel is 
at the surface. 

Submarines are steered in the case of large 
vessels by electrical gear, and in the case of 
small ones by hand. Indicators showing 
the direction in which the boat is being turned 
are fitted in the steering stations and, of 
course, gyroscopic compasses are employed. 
The driving controls are operated in much 
the same way as the steering gear, but a 
special mechanism is necessary to allow the 
submarine to remain in one position for any 
length of time. As a rule a submarine must 
bo continually on the move, but the statical 


driving gear makes it possible for the vessel 
to stay for hours quiescent, just below the 
surface, with only its periscope showing — 
observing yet unobserved. 

Hofv the Escape Hatch "Works 

It is natural that a great deal of attention 
is given to safety devices in submarines, for 
substantial damage to the vessel may turn 
it into a death-trap. Every member of the 
crow is provided with a safety helmet, by 
donning which he can breathe for several 
hours either in or out of the water. The 
apparatus is somewhat similar to a diver’s 
helmet, and the air in it can be used over and 
over again; the carbon dioxide thrown out 
by the user is absorbed by a chemical and 
replenished with oxygen. In order to pro- 
vide a means of escape from a doomed 


submarine an escape hatch is fitted as a 
rule in every compartment. The hatch is 
in the form of a double-doored compart- 
ment; it has an opening giving access to 
the interior of the vessel and also another 
opening direct to the sea. Both openings 
have covers which can be operated from 
either side. The outer one is, of course, 
closed and bears upon it the pressure duo to 
iho depth of water overhead. 

The man who is tryhig to escape dons his 
safety helmet and enters the escape hatch, 
taking care to close the cover behind him. 
He then turns on a valve which admits water 
from the sea into the hatch 
and waits until the pressure 
inside it is the same as that 
outside, when ho will be able 
to remove the cover. The 
buoyancy of the helmet imme- 
diately carries him to the 
surface of tho water whore ho 
may hope to bo picked up. 
The wealcness of this safety 
arrangement is tho danger to 
the man from tho sudden 
change from tho heavy air 
pressure in tho escape hatch 
to the lighter atmospherio 
pressure above. 

The safety keel is another 
device which has been favoured. 
At a given signal this can be 
released and, since it may 
weigh anything from five to 
twenty tons, tho vcs.sol, once 
it has lost ’such a weight, may 
rise to tho surface if not too 
much damaged. 

One othei’ feature of tho 
submarine must be mentioned, and that is the 
tube from which tho torpedoes are fired. 
Tho torpedo itself is a soll-oontainod sub- 
marine vessel, able to travel at 40 knots or 
more. In its head it carries a charge of 
high explosive. The tube is made of gun- 
metal and has a cover both on tho outside of 
tho vessel and on tho inside. Inside it 
are grooves which act as guides for the fins 
of the torpedo. The latter, weighing 
three-quarters of a ton or more, is launched 
by compressed air usually about 600 lb. 
pressure; and tho tube immediately fills 
up with water, thus preserving tho trim of 
the vessel. The outside cap is then replaced, 
the water drained of£ into a tank and another 
torpedo inserted in the tube ready for action. 

Not until tho Great War of 1914 to 1918 
was there an opportunity of testing tho 



About to dive; closliift tbe connln^-tower hatch— one ol the last acts 
preparatoiy to going beneath the surface 
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K M. Submarine SHark^oM of the latest Bntlsb **pocket'* submarines capable of a speed of 16]cnot8 andhavlng 
a range of 4i000 miles on the surface* She can make a ** crash ** dive in 30 seconds and has roomier accommodation 

than previous types 


value of the submarme as a war weapon, 
and it came to be used then in a manner 
not contemplated by most navies — ^for the 
destroying of merchant vessels. It has two 
disadvantages at least which it would 
appear can never be satisfactorily remedied. 
In the first place it is bhnd while under 
water, except it comes up close to the surface 
and uses its peiisoope, which may easily 
be shot away. Secondly, in spite of its 
present-day surface speed of 23 knots it 
is a slow-moving vessel compared with 
suriace warships^. Unless the submarme 
comes on its prey by stealth, the quarry can 
quickly leave the submarme behind. More- 
over, no matter how much faster modern 
submarines may be made to travel, they 


will still be in the same position relatively, 
because surface vessels also will improve 
in speed. Furthermore, the main advantage 
submarines have over other vessels — ^their 
invisibility from the deck of a ship — is 
discounted by the use of the seaplane and 
the flyuig-boat, w'hose observer, looking down 
into the water from an altitude, can detect the 
undersea vessel even if it be fathoms deep. 

Though a German commercial submarme 
was built and journeyed to America in 1916 
to fetch much-needed commodities, no 
practical peace-time use has yet been found 
for such a vessel. It is too costly to construct 
for anything but war purposes, and would 
have no advantage over an ordinary mer- 
chantman. 
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CHAPTER IX 

GREAT MOUNTAIN TOWERS OF THE WORLD 


AyTOUNTATN seonery is regarded as among 
the grandest in the world and moun- 
tainous countries, Scotland and Switzerland 


for oxamplo, are much visited by pleasure 
seekers. This is, of coiwso, entirely a modem 


develojiment, being due partly to the appre- 


ciation of the beautiful in Nature that was 


aroused by Wordsworth and Rousseau to- 
ward.s the end of the 18th century and partly 
to the facilities for travel that enable us to 


reach most parts of the world in very short 
periods of time. 

Primitive man, as far as we can tell, was 
more impressed by the terrors of the moun- 
tains than by their beauty. Ho know that it 
was dangerous to journey among them, for 
if he were not lulled by wild beasts ho woitld 
probably, after having lost his way among the 
trees and shrubs, die of hunger and cold. 
This feeling of terror at the sight of a moun- 
tain was doubtless one reason why some of 
them wore regarded as the homes of the gods. 


Mountains associated with Gods 

Tho Greeks made Mount Olympus the 
principal seat of thoir doities and from there 
Jove launched his thunderbote and des- 
patched his messengers. Mount Ida, in 
Asia Minor, was also associated with tho 
gods who, according to PTomer, wore there at 
the time of tho siege of Troy. The early 
inhabitants of Germany believed that spirits 
lived in the Harz Mountains, especially on 
the peak oaUed tho Brocken; and among the 
Himalayas tho Buddhists built shrines to 
their gods. Fujiyama was one of tho sacred 
mountains of the Japanese ; at tho other side 
of the world the ancient Pemvians named 
some of the peaks of tho Andes after thoir 
gods, and tho Aztecs in Mexico paid similar 
respect to the great mountains in their land. 

Mountains are promment in tho history of 
the Jews. It was on Sinai, wrapped in 
smoke, that Moses received the law from 
Jehovah; and on Carmel that Elijah put tho 


prophets of Baal to confusion and then to 
death. Tho Christian religion was born 
w'hen a Jew was crucified on a hill outside 
Jerusalem, and the Roman Empire when a 
fence was placed around tho Palatine hill. 
These, however, were hills rather than 
mountains and tlio same may be said of 
the Hill DilHenlty and the Ueloctablo 
Motmtain.s created by the imagination of 
John Bimynn. 

Five Lofty Peaks of the Himalayas 

Tho highest moimtains in llio world are in 
the Himalayas, a groat range in Central Asia. 
Here are at least five peaks — Everest, Godwin- 
Austcu, KmoMnjunga, Nanga Parbat and 
Kamot — ^that are higher than any others 
in any part of tho world. The highest of 
tho live is Everest, which reaches 29,002 feet, 
while the lowest, Kaniet, is 25,431 feet high. 

The heights of these mountains were first 
measiu;ed by surveyors from a di.stance, but 
later and closer observations bavo shown 
that their instruments gave remarkably 
correct results. For instance, in 1841 Sir 
George Evorcst, an official in tho aorvieo of 
the Government of Ijidia, survoyod Iho monn- 
tain that has since been called after him and 
fixed its height at 29,002 foet. Neither ho 
nor any members of his .stall’ ever sot foot 
upon it, but something like ninety years 
later tho climbers who did so found that his 
figure was acourate. 

Tho height of Everest, about five and a 
half miles, is a vor 3 ' short distance indeed 
when coni]iared with tho size of the earth: 
in fact, moat poo])lo walk something like 
this distaneo every day of their lives without 
noticing it. If in tho form of a globe an 
exact ro]7rc3ontation of the oartli was made, 
Everest would scarcely be seen at all, unless 
tho miniature was of enormous aizo, for 
five and a half milo,s is onl^^ one part in 
5,000 of tho ciroamforonco of the earth. 
If, for example, the globe was made a 
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Proud, remote and inaccessible — tbe blgbest mountain in tbe tvorld. Mount Everest from tbe Pangla Pass 

hundred feet in circumference — ^that is, much which does not much exceed half the height 
too large to go into an ordinajy-sized room of its summits.” 

— Everest would appear just about a quarter The same writer continues: “The average 
of an inch high. elevation of the whole of the land of the 

After penning the above we noticed a globe again is very small in comparison tvith 
similar comparison in Keith Johnston’s book that of the range of the Himalaya. As yet 
on Geography. He says: “It is useful to the number of elevations that have been 
compare this great elevation (i.e. Everest) deternained are too few to enable any 
with the diameter of the globe, both to gain accurate estimate of the mean elevation of 
an idea of the size of the earth and of the all the land above the sea-level to be made; 
insignificance of etren such a mountain but present knowledge indicates that this 
range as the Himalaya when compared with may be assiuned at about 2,260 feet. If 
its mass. The height of Mount Everest then the greatest height of all on the earth’s 
does not amoiuit to a 1400tli part of the surface would lie within the thickness of a 
diameter of the earth; or, if we suppose the piece of paper laid upon our supposed globe, 
earth to be represented by a globe of fourteen a thirteen^ part of this thickness would 
inches in diameter, the highest mountain nearly represent the average height of the 
shown on this scale would not amount to the land above the sea-level.” 
hundredth part of an inch, or would come If a traveller made a tour of the shores of 
within the thickness of a sheet of paper laid the Pacific and Indian Oceans he would pass 
on the globe. It must be remembered, in succession all the highest mountains of 
however, that Mount Et eiest is only a single tho world. Starting at Cape Horn he would 
point in a range, the average elevation of sos tbe immense range of the Andes all 




WONDERS OF THE LAND 

Wonders of Nature’s Building, Dwarfing the Greatest Works of Man. Geysers, Hot 
Springs and Volcanoes. Earthquake Terrors. Lakes of Pitch and Seas of Salt. Mighty 
Rivers and Majestic Falls Yielding Inexhaustible Power. Canals that Link up Oceans. 
Weird and Curious, Beautiful and Deadly, in Nature’s Creatures. When the World was 
Young. Largest Plants of All. Insect Foes and Insect Benefactors. The Chemist’s Gifts 
to Man. Marvels of Transport, by Air, Land and Sea. Stupendous Engineering Feats 


CHAPTER IX 

GREAT MOUNTAIN TOWERS OF THE WORLD 


l^OUNTAIN scenery is regarded as among propliets of Baal to confusion and then to 
the grandest in the world and moun- death. The Christian religion was born 
tainons countries, Scotland and Switzerland when a Jew was crucified on a hill outside 


for example, are much visited by pleasure 
seekers. Tliis is, of course, entirely a modern 
doveloinnent, being due partly to the appre- 
ciation of the beautiful in Nature that was 
aroused by Wordswortli and Rousseau to- 
wards the end of the 18th century and partly 
to the facilities for travel that enable us to 
reach most parts of the world in very short 
periods of time. 

Primitive man, as far as wo can tell, was 
more impressed by the terrors of the moun- 
tains than by thoir beauty. Ho knew that it 
was dangerous to journey among them, for 
if he were not killed by wild beasts he would 
probably, after having lost his way among the 
trees and shrubs, die of hunger and cold. 
This feeling of terror at the sight of a moun- 
tain was doubtless one reason why some of 
them wore regarded as the lionies of tho gods. 

Mountains associated with Gods 

Tho Greeks made Mount Olympus tho 
principal seat of their deities and from there 
Jove launched his thuuderbolLs and des- 
patched his messengers. Mount Ida, in 
Asia Minor, was also associated with tho 
gods who, according to Homer, wore there at 
the time of tho siege of Troy. Tho early 
inhabitants of Germanj’’ believed that spirits 
lived in the Harz Mountains, especially on 
the peak called tho Brocken; and among the 
Himalayas tho Buddhists built shrines to 
their gods. Fujiyama was one of the saored 
mountains of the Japanese; at the other side 
of the world the ancient Peruvians named 
some of the peaks of the Andos after their 
gods, and the Aztecs in Mexico paid similar 
respect to tho great mountains in thoir land. 

Mountains are jjrominent in the history of 
tho Jews. It was on Sinai, wrapped in 
smoko, that Moses received tho law from 


Jerusalem, and tho Roman Empire when a 
fence was placed around tho Palatine hill. 
These, however, wore hills rather than 
mountains and tho same may he said of 
tho Hill Difficulty and the Delectable 
Mountains created by tho imagination of 
John Bnnyan. 



Tho highest mountains in iJio world are in 
tho Himalayas, a groat range in Central Asia. 
Hero are at least five 2 )oaks — Everest, God win- 
Auslen, Kinchinjunga, Nanga Parbat and 
ICamot — ^that are higher than any others 
in any part of tho world. Tho highest of 
the five is Evore.st, which roaches 2!) ,002 feet, 
while tho lowest, Kamot, is 2,'),‘J31 foot high. 

Tho heights of tUoso mounlaius were first 
measured by surveyors from a distance, but 
lalor and closer observations have shown 
that their mstruments gave remarkably 
correct results. For inslanco, in 1811 Mir 
George Everest, an official in tho service of 
tho Government of India, surveyed the moun- 
tain that has sinoo boon called after Iiirn and 
fixed its height at 29,002 feel. Neither ho 
nor any mombors of his staff over set foot 
upon it, but something like ninety yoaw 
later tho climbers who did so found that his 
figure was acourate. 

Tho height of Everest, about five and a 
half miles, is a very short distance indeed 
when compared with the size of tho earth: 
in fact, most people walk something like 
this distance every day of thoir lives without 
noticing it. If in tho form of a globe an 
exact representation of the earth was rntulo, 
Everest would scarcely bo seen at all, unless 
tho miniature was of enormous sizo, for 
five and a half miles is only one part in 
6,000 of tho ciremnferonoo of tho earth. 


Jehovah; and on Carmel that Elijah put the If, for example, the globe was made a 
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hundred feet in circumference — ^that is, much wMoh does not much exceed half the height 

too large to go into an ordinary-sized room of its summits ” 

— Everest would appear just about a quarter The same writer continues: “The average 

of an inch high. elevation of the whole of the land of tho 

After penning the above we noticed a globe again is very small in comparison with 
similar comparison in Keith Johnston’s book that of the range of the Himalaya. As yet 
on Geography. He says: "It is useful to the number of elevations that have been 
eompare tliis great elevation (i e. Everest) determined are too few to enable any 
with the diameter of the globe, both to gain accurate estimate of the mean elevation of 
an idea of the size of the earth and of the all the land above the sea-level to be made; 
insignificance of eVen such a mountain but present knowledge indicates that this 
range as tho Himalaya when compared with may be assumed at about 2,260 feet. If 
its mass. Tho height of Mount Everest then the greatest height of all on the earth’s 
does not amount to a 14U0th part of the surface would lie within the thickness of a 
diameter of the earth, or, if we suppose the piece of paper laid upon our supposed globe, 
earth to be represented by a globe of fourteen a thirteen^ part of this thickness would 
mehes in diameter, the highest mountain nearly represent the average height of the 
shown on this scale would not amount to the land above the sea-level.” 
hundredth part of an inch, or would come If a traveller made a tour of the shores of 
within the thickness of a sheet of paper laid the Pacific and Indian Oceans he would pass 
on the globe. It mus^t be remembered, in succession all the highest mountains of 
however, that Mount Et erest is only a single the world. Starting at Cape Horn he would 
point in a range, the average elevation of see the immense range of the Andes all 
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along the coast of South America for well 
over 4,000 miles. Passing the isthmus of 
Panama the high volcanoes of Central 
America would come into view; next, tho 
high western edge of the tableland of Mexico ; 
then the mountains of California and finally 
those in Alaska, dominated by Mount 
McKinley and Mount St. Elias, the pealc of 
which can be seen fifty miles out at sea. 

He would be guided by the chain of vol- 
canoes of the Aleutian Islands to tho moun- 
tains of Kamchatka, the mountains of Korea 
and the range which forma the eastern slope 
of the great Asiatic tableland. Proceeding 
south he would see the mountain ranges of 
China and, when in the Indian Oocan, he 
would ajiproach the base of the Himalayas. 
Passing round the coast of Africa ho would 
see Kenya and Kilimanjaro, and in tho 
south would reach the Drakenborg Moun- 
tains in Natal and the terraced ranges of 
Cape Colony. 

Tablelands of South America 

Returning to the New World our imagin- 
ary traveller would find, if he climbed the 
steep slope of the Andes from the Pacific 
shore and crossed tho range by one of tho 
passes, that he was on the high tablelands — ^it 
may be of Bolivia, of Peru, or of Ecuador 
— that are supported between i,ho lines of 
the Cordilleras at an average elevation of 
12,000 feet above the sea. 

Behind the Sierra Madro of Mexico he 
would find himself on the great tableland of 
Anahuao, everywhere about 7,600 feet above 
sea-lovel. Farther north across the Sierra 
Nevada, or tho Cascade Mountains, he would 
reach the groat plateau of the western part 
of the United States, a region which spreads 
out to tho ranges of the Rocky Mountains, 
which support it on the landward side. 

Malting a similar journey in Asia he would 
find, if he climbed th^ Himalayas or the 
Khinghan Mountains, that he was on the 
great plateau of Tibet, whore rivers are 
navigated at an elevation of 14,000 feel above 
the sea. As he advanced into the interior of 
the continent he would find that the land 
remained high until the ranges of the Altai 
and Thianshan Mountains were crossed, 
when it would sinlc into the low plains of 
Siberia. If ho climbed the steop edge of 
the mountains that Use from the Bod Sea 
ho would bo on the high plateau of Abyssinia, 
where the plains are 7,000 feet above tbo 
level of the sea. Crossing the opposite 
border of that land he would descend to 
the valley of the Nile and tho lowlands of 


the Sudan, which latter extend all the way 
to the Niger and tho Atlantic. 

Regarding the Himalayas from the 
southern, or Indian, side, they appear to 
rise in a series of steps. First of all is a damp 
and fore.sted region called the tarai, and 
behmd that is the hhabar, a long and com- 
paratively narrow strip of scrub. These 
outworlcs of the system are somotime.s 
called the sub -Himalayas. Behind thorn are 
the outer Himalayas, separated from tho 
outworlcs by valleys. They rise to about 
8,000 or 9,000 feot, but in one district are as 
high as 16,000 feet. Among these hills are 
tho stations to which many Europeans go 
in the hot weather. They include Simla, 
Dalhousie, Naini Tal and other places. 
There too is Darjeeling. 

Bohmd these hill stations, hut still many 
miles away, rise Mount Everest and tho 
groat peaks of tho Himalayas proper. Thoir 
average altitude is abouti 20,000 foot, but a 
glance along the range will show that there 
are groups of giants that exceed that height. 
The oontro of ono of those is Nanga Parbat, 
that rises abruptly from tho valley of tlio 
Indus, where it is only 3,000 foot higli, to 
over 20,000 feet. 

Another group will be found along tho 
deep gorge that tho River Sutlej has made for 
itself through tho Himalayas, Nanda Devi, 
tho highest mountain wholly in tho British 
Bmpiro, may ho regarded as tho centre of 
this group, thorrgh there are others as high 
or oven higher. This grouji is famous for 
its glaciers, and herom rise tho streams that 
make tho holy river (jtanges, I’erhaps for 
this reason the Brahmins have given its chief 
mountain a sacred character. Tho third and 
greatest of those groups is tho one that 
contains Everest and Kinchinjunga. It lies 
between the River Sutlej and Bhotaiv. 

The Plateau of Tibet 

Thus, while the southorn front of tho 
Himalayas faces India, into which they may 
be said to descend by a series of stops, tlio 
northern front faces Tihcfc. There tho range 
falls to about 16,000 feset, from which it 
rises again to about tho same height, 
thus forming two chains of mountains, 
somolimes known as tho southorn amd tho 
northern Himalayas. Tho northorn rango is 
separated from tho great piatean of Tibet, 
on which is tho mountain fortress df Lhasa, 
by tho valley of the Tsaiigpo, a river that 
falls from 16,000 met to little more than 
600. Across this valley tho Himalayas 
become merged in tie plateau. 
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A remarkable feature about the Himalayas 
is the height at which the soil is fertile. 
The tea plant will grow everyn'here along 
the southern slopes to an altitude of 6,000 
feet. Trees flouri!3h, grain is cultivated np to 

11.000 feet and shrubs grow up to 15,000 
feet, while there is pasturage for cattle at 

18.000 feet. Snow falls regularly every 
winter at about 6,000 feet, but the line of 
perpetual snow is about 13,000 feet. This 
means that, as nearly all the passes ore 
about 18,000 feet high, transport is difficult 
and trade between India and Tibet not very 
extensive. In the last 10,000 feet or there- 
abouts glaciers abound and avalanches are 
frequent. 

T/ie Challenge of Mount Everest 

Mount Everest is in Nepal, rather nearer 
to the eastern than to the western end of 
the chain, and can ho seen towoiing into the 
sky from a groat distance away. Little, 
however, was known of it before 1022 when 
an expedition went out from England io 
climb it. Before telling of this it will bo 
interesting to give tho impressions — strangely 
different though they are — of the two 
Englishmen who in 1024 got to a height of 
over 28,000 feet. They wore Lieut.-Col. 
E. E. Norton and Howard Somervell, and tho 
descriptions are from Sir E. Younghusband’s 
hook, “Tho Epic of Everest.” 

Norton says: “The view from tho great 
height was disappointing. From 26,000 feet 
the wild tangle of snowy poaks and winding 
glaciers, each with its parallel lines of 
moraines like cart tracks on a snowy road, 
was imposing to a degree. But we wore 
now high above the highest mountain in 
sight, and everything below us was so 
llattonod out that much of the beauty of 
outline was lost. To tho north, over Ihe 
groat plateau of Tibet, the eye travelled 
over range upon range of minor hills until 
all sense of distance was lost, only to be 
regained on picking up a row of snowpeaks 
just appearing over the horizon like tiny 
teeth. The day was a remarkably clear 
one in a country of tho clearest atmosphere 
in the world, and tho imagination was fired 
by the sight of these infinitely distant 
peaks tucked away over tho curve of tho 
horizon.” 

Somervell writes: “Tho view from tho 
topmost points that wo reached, and, 
indeed, all the way up, was quite beyond 
words for its extent and magnifioonce, 
Gyaching and Choyo, among tho highest 
mountains in the world, were over 1,000 


feet beneath. Around them we saw a 
perfect soa of fine peaks — all giants among 
mountains, all as dwai'fs below us. The 
splendid dome of Pumori, tho finest of 
Everest’s satellites, was hnt an incident in 
the vast array of peak upon peak. Over 
the plain of Tibet a distant range gleamed 
200 miles away. Tho view, indeed, was 
indescribable, and one simply seemed to ho 
above everything in the world and to have 
a glimpse almost of a god’s view of things.” 

Por some years after 1841 it was believed 
that Everest and an adjacent mountam called 
Gatirisankar were one and tho same ; and such 
was tlie opinion of two Bavarian moun- 
taineers, Adolph and Robert Bchlagintwoit, 
when, in 1855, they climbed to the groat 
height of 22,000 foot. Later observations, 
however, have proved that llio two are 
quito distinct and that Everest is some 

6,000 feet higher than its western neighbour. 

Por nearly fifty years men have discussed 
the possibility of reaehiugf the tojj of Everest 
and since the World War several expeditions 
have gone out for this purpose. In l!)2i a 
preliminary expedition was sent out, and in 
1022 tho first sorbus effort was made io 
scale tho summit. It failed in its main 
object, hut a good doal of vahuiblo informa- 
tion was gained and on May 20, 1022, man 
first sot fool on Everest, for previously 
no one had been within 4(i miles of it. A 
littlo later two of tho climbers reached 
27,235 feet — something like 3,000 feet higher 
than any previous climb in any ])art of tho 
Avorld. The two Avero Ool. Charles G. Bruce, 
loader of tho party, and George li'ineh. 

'The t9Z4 ’Expedition 

Inspired by the results tho exjdorors 
doeidod to make another olTort in 1 i)24. As 
on the previous occasion the govorninont of 
Nepal refused to allow them to traverse that 
country; so, inatoad of api)roaelung tho 
moAxntain by tho nearest route, they made a 
long detour from Barjooling and reached it 
on tho northern or Tibetan sitlo. At Tingri, 
in Tibet, they eixterod upon tho difficult part 
of tho climb. Everest, of whicli they had 
now a magnificent vieAv, was only 44 
miles away, but tlioro were intervening 
ridges between them and their goal and they 
had to cross tho immense glacier called 
Rongbuk whore, at ] 0,000 foot, tl)o Buddhists 
had ostahlishod a monastery; there they Avero 
received Avith great cordiality and prayors 
wore offered for their success. They ostab- 
libhed a base oaxnp 1 6,600 foot up tho moun- 
tain, and two of the party went up to the 
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glacier and found themselves only 16 miles 
distant from the summit of Everest. 

The route to be taken on those last difficult 
miles, over the snow and ice in intense cold 
and continuous wind, had been decided upon 
by the most experienced mountaineer of 
the party, Gerald Leigh Mallory, on his 
previous climb. Preparations were made, 
but the first attempt 
failed, although the two 
climbers, Norton and 
Somervell, reached 28,000 
feet. A second was made 
by Mallory and Andrew 
Irvine who, on June 7, left 
the topmost camp after 
saying farewell to their 
comrade, N. E. Odell, who 
had come thus far with 
them. They wore never 
seen again. They may 
have reached the summit 
and have met with a fatal 
accident on the descent, 
but it is more probable 
that they fell as they were 
TYinking their way upwards. 

A false step in the snow or a 
failure of the oxygen appar- 
atus may have caused 
their deaths ; no one knows. 

In 1935 another expe- 
dition was organized, its 
leader being Mr. Hugh 
JRuttledge; but this time 
the attempt to reach the 
summit was foiled by the 
early coming of the mon- 
soons. Under the same 
leadership a larger party 
set out in the spring of 1936 
and high hopes were formed 
of its prospects of success. 


more remarkable. Says Sir F. Young- 
husband: “Kanohmj'unga,” for he adopts 
this spelling of the name, “is usually hidden 
by the nearer ranges, and when a ridge is 
reached from which it should be seen is 
hidden iu mists. But on this occasion Bruce 
had a rare view of it. From the minor 
Kaptip Pass he saw the whole Kanohiniunga 
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•ea across a wonderful vista of Intervening ranges and loaUng Its name— 
fritirMniunaB-— Ouecn of the Himalayas ** 


Oil the other groat peaks 
of the Himalayas con- 
ditions are very similar — luxuriant vegeta- 
tion on the lower slopes with glaciers and 
intense cold near the top. lUnchinjunga 
is the nearest to Everest, beiug only 76 
mile s away. The word means the five 
treasure houses of the great snows, for it 
has five peaJrs. A magnificent view can be 
obtained from Darjeeling, only 40 miles 
away; but in May 1924, Brig.-Gen. C. 6. 
Bruce, climbing Mount, Everest, got one far 


massif. And it was not staring blatantly at 
him in cold, sharp outliue; it was suffused 
in that mysterious haze so characteristic 
of this region, a deep bluey-violet haze 
which gives to even solid mountains a 
tpiritual effect. The lower slopes were 
swallowed up in blueness, while all above 
the snow-line seemed to be detached from 
any earthly base and to he floating in 
mid-air," The mountain was explored in 
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1929-30, but the climbers fd-iled to reach 
the summit. 

Godwin-Austen, also called Dapsang, is in 
the western section of the Himalayas. It 
and Kinchinjunga were competitors for the 
honour of being the second highest peak in 
the world, Por some time it was believed 
that Godv in- Austen was the higher by 
104 feet, but a survey carried out by 
Col. S. G. Bernard and his staff reversed 
this judgment by making Kinchinjunga 
34 feet higher than its rival, Godwhi- 
Austen was long known simply as K2, this 
mark being given to it on the survey maps ; 
but, after parts of the range had been ex- 
plored by H. H. Godwin-Austen, it ivas 
given his name. 

Nanga Parbat, or the naked mountain, is 
so called because, unlike the other peaks, it 
is bare of snow; this is not due, however, to 
the absence of cold but to the extreme 
steepness of the sides, which rise almost sheer 
up from the Indus, as, to compare small 
with great, the west end of the cathedral at 
Durham rises from the Wear. The Indus 
makes a great bend round the mountain, 
which was long regarded as, if possible, more 
difficult to climb than the other Himalayan 
peaks, but in 1932 members of a German- 
American expedition got some way up it. 
Kamet, lowest of the five great peaks, was 
actually climbed, after nine unsuccessful 
attempts, in 1931, and the loader of the party, 
F. S. Smythe, rightly called his book describ- 
ing the ascent “Kamet Conquered.” 

Urals, Altai and Caucasus 

Asia possesses many mountain ranges that, 
although not equal to the Himalayas, arc 
by no moans inconsiderable when judged by 
any other standard. The Ural Mountains, 
allffiongh lilre the Caucasus range partly in 
Europe, may be described hero. The central 
ridge can be traced from between the Lake 
of !^al and the Caspian Sea to the northern 
end of Novaia Zembla, a distance of 1,700 
miles, but as a chain it really begins on the 
right bank of the Ural river, at the steppes 
of the Kirghiz, and rims duo north in a long 
narrow ridge to a gulf of the Kara Sea. In 
the south the chain is about 100 miles 
broad, consisting of parallel ridges, the 
average height of which is about 3,500 feet. 
The northern section is more lofty; some of 
the peaks are well over 6,000 feet high and 
its average height is about 3,000 feet. 

About 400 miles 6om Uio Urals begin the 
Altai Mountains, that run for the enormous 
distance of 4,600 miles through Siberia and 


Mongolia to the Pacific Ocean, beginning near 
the Irtish river and ending at the Gulf of 
Okhotsk. The breadth of this range, which 
has distinct names for its various sections, 
varies between 400 and 1,000 miles, save 
where the desert of Gobi contracts it to 
160. Its highest point reaches 14,000 feet, 
but most of it is below the 6,000 feet level. 

Asia Minor and much of Persia are moun- 
tainous, and with them may be mentioned the 
Caucasus region. The lofty range of the 
Caucasus Mountains, ivhich extend m an 
unbroken line from the Black to the Caspian 
Sea, presents much magnificent scenery and 
the groat peaks shoot up from their bases 
in walls of rock and ico. Forests clothe the 
sides of the peaks and reach heights of 
over 7,000 feet. The snow lino varies from 

11.000 to 12,000 feet, and glaciers are fre- 
quent. The highest poolcs are Elburz (18,626 
feot) and Kasbek (16,545 feet) in the centre 
of the range, but there are several others 
between 15,000 and 16,000 feet high. 

West and south of the Caucasus are the 
mountains of Asia Minor or Anatolia. Ahmg 
the southern shores of the Black Sea stretches 
a triple range of limestone mountains 6,000 
or 7,000 feet high, divided from each other 
by narrow and beautiful valleys. This high 
land is bounded on the south by the Taurus 
Mountains which, beginning in Rhodes anil 
other islands of the Mediterranean, fill the 
south-western parts of Asia Minor. Farther 
inland is Armenia, mainly a treeless plain, 

7.000 feet above the sea, with Ararat, Iho 
mountain of Noah, rearing its twin peaks to 
a height of 17,000 feet. 

Tho mountains of Persia extend along the 
northern edge of the Armenian plateau, 
almost parallel with the shores of tho Caspian 
Sea, maintaining a considerablo elevation 
with the peak of Demavend as their highest 
point. Ibis groat mountain, which is only 
46 miles from Teheran, exceeds 18,000 
feet, making it one of tho great iiealcs of tho 
world. Spurs of these mountains cover tho 
volcardo tableland of Azerbaijan, the most 
fertile province of Persia, and the vegeta- 
tion at their foot has the exuberance of a 
tropical jungle. 

Towering Peaks of the Andes 

Excluding the Himalayas tho world’s 
highest mountains are in fcSouth America in 
the range called by us the Andos, but by 
those who live nearer to it tho CordUleras. 
In it are at least ten peaks over 20,000 feet 
high, although no one of them reaches tho 
26,431 of Kamet. There is some doubt 
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about the exact height of some of these 
peaks and therefore some difference of opinion 
as to their order of precedence. It was long 
believed that Aconcagua, which is ceitainly 
the best known, was also the highest, but 
some authorities say that two peaks in 
Bolivia — Illampu (or Sorata) and Tllman i — 
are higher. One work of leference gives the 
respective heights as follows: Illampu 25,248 
feet, Illmani 24,033 feet, and Aconcagua 
23,025 feet. 

On this matter Sir Martin Conway, who 


niOd‘«uied. We only know that mountains 
of 20,000 feet, fifty miles farther south, and 
therefoie farther from the equator, are clear 
of snow in summer, when Coiopuna can still 
be seen raising its immense calotte of snow 
and glacier appaienlly 3,000 feet or more 
above the snow-line.” 

The Andes extend almost from one end 
of South Ameiica to the other, a distance of 
4,400 miles, and run roughly parallel to the 
Pacific coast. Like that of the Himalayas 
the soil is feitile on the lower slopes, and 



Aconcagua— perhaps the highest mountalu in South Amertca— Is situated on the boundary between Chile and 
the Argentine. Here is a view t^en from the Transandine Railwoy 


climbed Aconcagua in 1900 and wrote an 
account of his exploit in 1902, says: “In 
South America extraordinarily exaggerated 
altitudes have been ascribed to Sorata and 
other peaks m the Bolivian Andes, mis- 
understanding having been caused by settmg 
down -their measurements in Spanish feet 
and comparing them, without reduction, 
•with the measurements in English feet of 
the great Asiatic mountains. I have proved 
by careful triangulation that none of the 
Bolivian pealm are as much as 25,000 feet 
high. At present, therefore, Aconcagua is 
the highest measur^,peak in the Andes. 
It is possible that the great Ootopuna peak 
in Peru may be equal, or even superior, in 
altitude to Aconcagua, ^ut it has not been 


there is grass for the llama and the vicuna 
at considerable heights, but the summits are 
covered perpetually -with snow. 

Starting in Colombia in the north the 
Andes split into four ranges, between which 
flow three great rivers. The pealts here, 
mostly volcanoes, rise to 18,000 feet or 
thereabouts, something like 3,000 feet abd^e 
tho snow-hne. Two of these four ranges 
pass into the next country — ^Ecuador — 
where are Chimborazo and Cotapaxi, the 
highest active volcano in the world. Several 
of the mountains of Ecuador fall little shor^ 
of 20,000 feet in height, and from theihJjt^ 
many of the streams that help to fq^^|H 
greatest river in the world— -the 

In Peru the eastern and 
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Cordillems continue, but there is also 
another range known hero as the Central. 
Hei e the 20,000 feet height is reachetl by at 
least four sumnuts, Huascaron, Huandoy, 
Coropuna and El !Misti; and heie also the 
waters run from the mountains to form 
tributaries of the Amazon. In the south 
of Peru the central Cordilleras disappear, 
leaving the other two range.s to enclose the 
groat lake called Titicaca, which is 12,600 
feet above sea-level and covers 5,500 square 
miles. The general height of the Aiides 


in Bolivia, where they have been described 
by a traveller, Mr. C. P. Enock, as “one of 
the most impressive mountain masses of tho 
globe.” Here are the lofty Illampu and 
Illmani, while another, Huaini-Potosi, is over 
20,000 feet high. The eastern and western 
Cordilleras pass from Peru into Bolivia, but 
the great mountains mentioned ore in the 
Cordillera Beal, a group in tho northern part 
of the eastern range. 

In Chile the Andes form one main chain. 
The system here approaches much nearer 
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The twin peaks of Huascaron-~loftiest In the Peruvian Corcllllora8>->secn across the Santa Valley from Yungay 


here is so great that the only gap in the 
chain, as far as Peru is concerned, is 7,000 
feet high. 

Of these Peruvian Andos, Huascaron, 
named after one of the gods of tho Incas, 
is a particularly noble sight. Its altitude is 
22,051 feet and it is on tho eastern or main 
branch of the Andes, with Huandoj^ only a 
little lower, as a neighbour. Here, during 
the rainy season, the sky is generally clear 
at dawn, and the magnificent peaks, crowned 
with snow, are then best seen in all their 
beauty. As the day advances the clouds 
collect and the view becomes obscured. 

The Andes roach their utmost grandeur 


the coast, and for about 1,600 miles forms 
the boundary between Ghilo and Argentina, 
decreasing in height as it nears tho southern 
end of tho continent. Partly in Chile, Wt 
with the other part and also tho actual 
summit in Argentina, is Aconcagua, an 
extinct volcano. It was climbed for tho 
first time on January 1<I, 1897, by a Swiss 
guide, Mattias Zurbriggen, and a few weeks 
later by Mr. Stuart Vinos and a guide, Lanti, 
all members of the same expedition; in 1900, 
as we have seen, Sir Martin Conway ascended 
it, taking a more direct route and imoncum- 
bered by instmmonis of any kind. Of tho 
otlior peaks of the Andes, Chimborazo was 






The Canadian Rockies 


The View ftom Aconcagua [ 134 ] 


climbed as far back as 1802, and Cotapaxi 
in 1872, but most of them are still im- 
conquered. 

The view from the summit of Aconcagua 
has been described by Conway: “To the 
south was Tupungato, a majestic pile of 
snow, over which oven more majestic clouds 
were presentlj^ to mount aloft. To the north 
was the still grander Mercedario, beheld 
round a flank of the final rocks. In the west 
were the hills dropping lower and lower to 
the Chilean shore and then the purple ocean. 
To the north-east, like another ocean, lay the 
flat surface of the Argentine pampas. Else- 
where the Cordillera, in long parallel ridges, 
runnhig roughly north and south, stretched 
its great length along, crowding together into 
an inextricable tangle the distant peaks, 
partly hidden by the two near summits which 
alone interrupted the completeness of the 
panorama.” 

Some Notable Peaks of the Rockies 

In North America the 'Rocky Mountains 
correspond to the Andes, both running more 
or loss parallel to the Pacific coast for about 


4,000 miles. The highest peaks are in the 
north, although the group of mountains in 
Alaska are not regarded by some authorities 
as part of the Rocky Mountains proper. 
However that may be, Alaska contains Mount 
McKinley , the highest peak on the continent, 
that rises to 20,300 feet, and Mount St. Elias, 
the scene of some remarkable mountaineering 
feats, only about 2,000 feet lower, while 
quite near the latter, although over the 
frontier in Canada, is Mount Logan with 
about the same height. 

The Canadian Rockies are mainly in 
British Columbia, which is by far the mo.st 
mountainous province of Canada. There 
the highest mountain is Mount Logan, which 
has just been mentioned, and another notable 
one, though about 3,000 feet lower, is Mount 
Eairweather. Two others are Mount Robson 
and Mount Assiniboine. Mount Robson is 
on the borders of Alberta, overlooking the 
famous Yellowhead Pass, and Canadian 
pleasure-seekers and mountaineers visit the. 
district in the holiday season. 

Outside the Rockies the highest of the 
North American peaks are in Mexico. The 
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/"Ao/o • American Colony, Jerusalem 

An vnnsual telephoto view of the great Afirlcan peek. Mount Kenya, which has twin summits and to 17,040 feet In 

height 


famous volcano Popocatapetl reaches 17,620 volcano, but its crater has quite disappeared, 
feet and Orizaba, called by the Aztecs Like KUimaniaro it has two summits. 
Citlaltepetl, or the “star mountain,” has The great mountain mass in Europe is the 
about the same altitude. Alps, but the highest peak on the continent 

Kilimanjaro and Kama “ hundreds of miles away, in the 

Si— Caucasus region, near the border - line 

The third of the great continents, Aftica, has between Europe and Asia and in the territory 
no range of mountains quite comparable with of the Soviet Republic ; this peak is Mount 
the Rockies, the Andes, or the Himalayas. Elburz, already mentioned, with two peaks. 
Its highest point is ICilimanjaro, a mountain once active volcanoes. Its greatest height is 
mass in the territory of Tanganyika, almost 18,626 feet and it was first climbed in 1829. 
on the borders of Uganda. It consists of Tradition says that the ark rested here on 
two extinct volcanic peaks, connected by its voyage to Ararat, 
a massive ridge and reaching a height of The best way of obtaining an idea of the 
19,325 feet. The slopes are covered with extent of the Alps is to study a good map, 

forests and the summits with glaciers. On for they do not form a single chain, but are 

the lower sloxies a game reserve has been made, rather a collection of groups and ranges 
Another great African mountain — ^this one stretching in every possible direction. The 
in British and not mandated territory — is Alps are usually divided into three main 
Kenya, It is 80 miles from Nairobi, from groups — ^western, central and eastern — all 
which it can be seen on a clear day, and radiating from Switzerland. The best known 
rises to 17,040 feet. Although only a few to English travellers is the central group that 
milesfrom the equator, it has fifteen glaciers; includes the Bernesp Oberland and other 
but the lower slopes are extremely fertile, familiar districts; but the western, that 
while forests cover the middle ones. The stretches into Erance and Italy, is becoming 
summit was reached in 1899 and again in hardly less so. The eastern Alps pass 

1929, The mountain was originally a through the Tyrol to the neighbourhood of 
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Vienna. Each group has its distinctive 
name, such as the CJottain, Dauphinfe, Graian 
and Pennine Alps in the west; the Lepontine, 
Todi and Rliaetian Alps in the centre; and 
the Dolomites, Julian and Carnic Alps in 
the east. The average height of the Alps 
is from 6,000 to 7,000 feet above aea-level. 
The highest peak is Mont Blanc, and the 
second highest Monte Rosa — both over 
16,000 feet. There are scores of peaks 
between 12,000 and 16,000 feet high. 

The Alps stretch into five countries — 


Apart from the two highest peaks, the 
best known of the Alpine mountains are 
perhaps the Matterhorn, the Jungfrau, the 
Fiiisteraarhorn, the Riilol Alp and the Gross 
Glockner, but there are many others almost 
as familiar. 

Mont Blanc, or the “White Mountain,” 
15,781 feet high, is situated on the borders 
of France, Switzerland and Italy, between 
the Great and the Little St. Bernard. It has 
several peaks and is best ascended from 
Chamonix. Monte Rosa is on tho border 
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Tbe Camlllar ontllne of tho famous Matterhorn assumes a very different aspect when seen from tho nir. It Is only 
twenty-five years since the French airmen Chavez made tbe first crossing of the Alps hy aeroplane— now a common- 
place dolly occurrence 


France, Italy, Switzerland, Garmany and Au s- 
tin. Many passes cross them and through" 
some of these — ^for example, the Simplon, 
the Mont Cenis and the St. Gotthard — 
railways now run. The lowest of the passes 
is the Brenner, 4,500 feet high, also crossed 
by a railway line. The Great St. Bernard, 
the Stelvio and the Fiirka are other famous 
passes. These breaches in the Alpine harrier 
have historic associations: Hannibal led his 
army across one of them in order to invade 
Italy, and long afterwards Napoleon did the 
flame. The Barbarians more than once 
poured through the Brenner on the same 
errand. 


of Italy and Switzerland, 60 miles east of 
Mont Blano; it is 16,217 feet high. The 
Matterhorn, that is also on the borders of 
Switzei-land and Italy, is best ascended 
from Zermatt; its height is 14,782 feot. 
Near it is tho Woisshorn, almost exactly tbo 
same height. The Wotterhorn, only 12,106 
foot, is near Grindolwald. Another mountain 
very popular with olimhers is tho Jungfrau 
or the “Maiden.” This is Avholly in Switzer- 
land and has a height of 13,070 feet. In tho 
eastern section of tho Alps the highest 
mountain is the Glockner, 12,466 feot. Tt is 
in Austria, in the range called tho Hoho 
Taiiorn, and its two peaks aro known as tho 
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Topmost pinnacle of tbe Southei’A Alps of \New Zealand—maJesUc Mount Cook— 12|349 feet bl^, viewed from tbe 

Hooker Valley 



An Elevated Peninsula 
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Gross and the Klein Glookner, the latter 
being about 100 feet louver than the former. 

Attempts to elirah the Alps were made 
soon after 1800, and in the 19th century, with 
the foundation of Alpine Clubs, many persons 
turned their attention to it, but Mont Blanc 
had been already ascended by two guides in 
178(5. In 1854 an Englishman made the 
first ascent of the Wettcrhorii; in 1855 Monte 
Bosa was climbed; in 1861 the Weisshorn, 
and in 1865 Matterhorn. Since then almost 
every peak has been ascended and to-day 
it is within the power of any able-bodied 
person to reach the tops. There is a complete 
service of guides and a regular scale of 
charges. 

Outside the Alps the great mount ain ranges 
of Europe are the Pyrenees, the Apennines, 
the Carpathians, tho mountains of Scandina- 
via and those of the Balkans. The Pyi'enees, 
which form a natural boundary between 
France and Spain, maintain a waving line 
Avith a mean altitude of 8,000 feet. They aro 
highest in the east whore, too, is the highest 
peak, Pic de Nothou (11,108 feet). The snow 
lies on those morrntains during the greater 
part of the year and is perpetual on tho 
highest points, but tho glaciers are nothing so 
extensive nor as numerous as in the Alps. 
The greatest breadth of the range is 60 
miles and its length 270. On the French 
side it is .so steoj) that from tho plains below 
the summits look lilce the teeth of a saw. 
On the Spanish side gigantic sloping spurs, 
separated by deep valleys, extend to tbe 
banks of the Ebro. Spain has its own 
mountain ranges and four of them run nearly 
parallel diagonally across tho peninsula. 
The highest mountain, excluding the pen.ks 
of the Pyrenees, is 10,000 feet high. Outside 
the Alps tho highest peak in France reaches 
only 6,185 feet. 

The Apennines 

Tho Apennines, connecting with the Mari- 
time Alps, run through the centre of Italy 
to the middle of Calabria, whore they split 
into two branches. The whole length is 
about 800 miles. None of tho peaks rises 
above tho limit of perpetual snow, though 
snow lies during nine months of the year on 
the highest of them, Monte Corno, in tho 
Grand Sasso d’ltalia (9,690 feet), the great 
rook of Italy. 

The Carpatlnan range consists of several 


mountain groups oonneeted with each other 
by elevated plains. The highest point rises 
to 9,500 feet, and in the Tatra group there 
is ono of 8,800 feet. Greece is a country 
of mountains, and to a lesser extent this 
applies to other lands of tho Balkan peninsula. 
In Greece the several chains end in bold 
headlands that reach far out into the sea 
and reappear in tho many islands and rocks 
of the .(Egean Sea. The.so Greek mountains, 
the highest being over 8,000 feet high, like 
those in the Balkans proper, are much torn 
by transverse fractures. 

The Mountainous Scandinavian Peninsula 

The range of mountains which has given 
its form to the Scnndinaviair pcnhisula 
begins at Cape Liiidcsnaos, tho mo.st southerly 
point of Norway, and after running along 
its western const 1,000 miles in a north- 
easterly direction, ends at Capo North 
Tho mountains do not form a continued ridge 
or chain, but con.stitiite a series of broad 
plateaux, separated at wide intervals by deep 
and narrow valleys. The most eharac'ioristic 
of those tablelands is tho Dovrefjeld, 3,000 
feet high, on which »Sncchatton rises to 
7,560 feet. In tho northern and imrrowor 
part of the peninsula tho Kiolon Mountains 
iissmno more tho form of n ridgo, rising in 
Mount SuHtehna to 6,150 feet, whence it 
falls in tho north, till at tho North Capo it is 
only 1,500 feet. It has boon compared to a 
huge wavo or billow, rising gradually from 
the oast, which, after having formed a crest, 
falls jjorpendicularly into the soa in tho 
west. It is ostimatod that, nearly 4,000 
square miles of this peninsula rise above tho 
lino of perpetual snow. 

At the distance of 360 miles from Cape 
lindosnacs tho mountains form a single 
elevated mass, (crn)inatcd by a tableland 
wliich maintniiia an altitude of 4,500 foot 
for lOO miles. It slopes gradually towards 
the east and plunges at onoo in high prooi- 
pices into a deep soa on tho west. 

There are many other mountains about 
which something could bo said, but tlioro is 
only space to montiou oi\c — ^MoAint Cook in 
New Zealand. This is in vSouth Island, and 
is the higlioat ])t)iat in tho Routhorn Alps, 
for this name s|ias been transported to the 
Dominions. OrC,it is tho great Ta.snian glacier 
and it can easily bo reached from Timaru, 
96 miles away. 
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The Tower of Babel 


CHAPTER X 
THE TOWER BUILDERS 


D EFORE we look at a few of the outsland- 
^ ing towers of the world, we liad better 
be sure what we mean by a tower. The 
dictionary defines it as (1) a building, lofty 
in proportion to the size of its base, either 
isolated, or forming part of a castle, church 
or other edifice, or of the w'alls of a town; 
(2) such a structure used as a stronghold, 
fortress or prison, or built primarily for pur- 
poses of defence. In this latter sense, so 
says the dictionary, the name is sometimes 
extended to include the whole fortress or 
stronghold of which a tower in sense (1) was 
the original nucleus. Thus the Tower of 
London is the entire fortress surrounding the 
original White Tower of William Rufus. 

The question why men erect towers has 
been partly answered by the foregoing 
definitions. Their reasons may be military, 
either for defence or refuge; religious, for 
calling devotees to worship either by bells 
or by the human voice; scientific, for observa- 
tion in a clearer atmosphere than on the 
ground, indicatory, for distant visibility 
either of themselves or of lights upon them; 


commemorative, either to honour a hero or 
to mark a notable spot ; economical, because 
space to build laterally is not available; 
purely decorative or merely vainglorious; or 
indeed, a compound of two or more of these 
purposes. 

It was apparently the last-mentioned 
motive that inspired the builders of the 
Tower of Babel. ‘‘They said. Go to, let us 
build us a city and a tower, whose top may 
reach unto heaven.” Eor this presump- 
tuousness they were punished by confusion 
of language, and it is noteworthy that the 
Hebrew account of the offence and its 
retribution is matched by similar traditions 
in other parts of the world — ^Assam, Ashanti, 
South Africa and Mexico, but not, curiously 
enough, in the records of Babylonia, w'hioh 
appears to be the setting of the Biblical 
story. The actual site of the Tower of 
Babel, though traditionally identified "with 
Borsippa (Birs Nimrud) outside Babylon, 
is entirely conjectural. Equally so is the 
natiure of the tow'er itself, though it is not 
unreasonable to sujipose that it resembled 




Staged Pyramids [ 140 ] Conjectural Function of the Zlggurat 

the “ziggurats” or staged pyramids, ruins of Birs Nimrud a vault has been discovered, 
which have been fotind in Mesopotamia. 100 feet long, six feet broad, and twelve feet 
These varied both in plan, which Avas either high. There is another theory that they 
rectangular or ciretdar, and also in ihe were intended to facilitate observation of the 
number and arrangement of the stories, stars, a common practice in Babylonia, by 
some oxamides having the offsets in the form raising the observer above the hazy and dusty 
of a continuous ramp or spiral round the out- atmosphere of the plain; the stages, which 
side of the building. Herodotus describes are known to have been enamelled in 
one such as “a tOAver of solid masonry, a different colours, are even conjectured to 

have been derlieated to the sun, moon and 
five planets. On the other hand the wording 
of extant inscriptions points to the vain- 
glorious motive; in one of these Nabopolassar 
(625-604 B.o.) says ho received a dmne 
command as to “the tower of Babylon, 
which in the time before mo liad become 
weak and had been brought to ruin, to lay its 
foundation firm on the bosom of tho under- 
world, while its top should stretch hoaven- 
AA’ards.” Tn another inscription his successor 
Nebuchadrezzar uses tho plirase, “to raise 
up the top that it may rival lioavon,” which 
is singularly reminiscent of Genesis xi, 4. 
It is a romarkahle fact that many eonturics 
afterwards tho Caliph Mu'tassim (A.n. 833- 
842), son of Harun ar Rashid, when building 
his great mosque at Samarra on the 
Euphrates, deliberately co])icd tho ziggurat 
type of towor for a minaret, which is still 
standing under tho name of tho Malwiya and 
is estimated to bo 100 foot in height. 

The Pharos at Alexandria 

It does 2 iot appear that tJjo goiiim of tlio 
EgyjAtian builders over evolved a tower, as 
AA'o understand tlio term; their monuments 
took the form of gigantic pyramids and 
monolithic obelisks. Noitlior were tho 
Creeks inspired to construct a “building 
lofty in proportion to tho size of its base.’’ 
iSuch insjuration is seldom found in a country 
dominated by rugged mountains. Jn their 
militiiry dofencos the Romans built towers. 
Royal An Foret Offleial t Cimvn CopytigM Revived probably Of 110 groat height, US, for examplo, 

tho milc-castlos and iniermediato turrets 
along Hadrian’s Wall. Thoir outstanding 
furlong in length and breadth, upon which works in towor-construetion wore lighthouses, 
was raised a second towor, and on that a the most famous being tliat on the island of 
third, and so on up to eight; the ascent to the I’lmros at Alexandria, erected about 280 B.c. 
top is on the outside by a path which winds by Sostratus of Cnidus {see Colour Plato). 
roAind all the towers ... on tho topmost This, built of white limestone, is ostimatod to 
tOAver there is a spacimxs temple.” have boon 300-390 foot high and to have 

The purpose of the ziggurats is uncertain, risen in several stages, sqAiaro, (xitagonal and 
They may indeed have been surmounted by cylindrical. It was one of tho iSovou Wonders 
temples, and some have supposed the spiral of tho world and gave tho name “pharos” to 
ways to have been constructed for the asoent all lighthouses. Most of it foil during an oarth- 
of sacrificial oxen. ^ Others have suggested qualrc in A.n. 1303, and the remains wore 
that they were primarily tombs, like tho ovorwhelmofl by tho sea. Tho well-known 
pyramids of Egypt; and in tho tower at Roman pharos at Dover Castle, octagonal 




Campaniles of Italy 


[ 141 ] 


The Leaning Tower of Pisa 



without and square mthin, is now of no great 
height even with its Tudor addition; but on 
the opposite coast at Boulogne, the emperor 
Caligula, in a.d. 40, ordered the erection of 
a triumphal tower, which later became a 
lighthouse. Under the name Tour d’Odre 
this still ezhibits a few remains ; but a picture, 
formerly at Cowdray 
House, of the siege of ‘ 

Boulogne in 1555, showed 
it as a lofty, fomteen- 
storied tower standing on 
the olifF and labelled “The 
Old Mon.” 

It was not till the Dark 
Ages, after the fall of Rome 
was well advanced, that 
men attempted anything 
ambitious in the way of 
building; but the demand 
for stronger castles and 
statelier churches gradu- 
ally produced in Western 
Europe a new style of 
architecture which has the 
general name of Roman- 
esque. The building modes 
of the Eastern Empire also 
spread to the west, and 
some of the earliest Italian 
towers aro found in By- 
zantine buildings; notable 
among these are the 
circular " campanili ” of the 
9th and 10th centuries at 
Ravenna. The introduc- 
tion of bells gave a great 
fillip to tower-construction. 

It must be remembered, 
however, that the word 
belfry has no connexion 
with the word bell. It was 
formerly spelt "berfrey,” 
from the Teutonic “berg 
find,’' meaning a defensive 
place of shelter ; and 
amongst other things sig- 
nified a movable tower 
used in sieges, or a pent-house, and even a 
cattle-shed — a meaning that still survives 
in Lincolnshire; later it was applied to a 
watch-tower and then to a bell-tower. 

In Italy towers for bells are generally 
isolated from other buildings. “In plan,” 
says Professor Banister Eletoher, “they are 
always square and have* no projecting 
buttresses, as on this side of the Alps. They 
are treated as plainly as possible, without 
breaks, and A\ith only suflicient windows to 


admit light to the staircase or slopinti way 
inside; the windows increase in number from 
one in the lowest story to five or more in the 
uppermost story, making this stage into 
what is practically an open loggia, and the 
whole is generally crowned with a pyramidal- 
shaped roof." 


£.Y.a. 


Bologna: Uie iinfinlsbeU Torre Garlseada 8 foet 


The church of S. Zeno at Verona has a fine 
campanile of the llth century, with triple 
arched openings in the two topmost stories. 
In the tower at Siena cathedral the openings 
increase from one to six — almost too 
rt^ilorly. The famous leaning tower of 
Pisa (1172), which is circular in plan, has 
seven atones of arcades, the upper six of 
which are so much alike that Ruskin called 
it the “one thoroughly ugly tower in Italy 
. . . because it is divided into vertical equal 



Towers with Bad Foutidations 


Beautiful English Towers 
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parts.” The foundations of this tower began 
to give way during the building, but the 
builders boldly continued their work, slightly 
diminishing the slant of the upper stories 
and adding at the summit a turret of smaller 
diameter to contain the bells ; the total 
height is 183 feet, and the cornice overhangs 
the base by thirteen feet. There are other 
instances of Romanesque architects not 
giving enough attention to foundations. 
At Bologna there arc two brick towers which 
have a very dissipated appearance : the Torre 
AsinclU (1109), is 320 feet high and deviates 
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The mighty donjon at Coucy-le-Chalcau, two-lhlids of the 
diameter of 'which Wes taken up by (he walla. It wee 
destroyed during the European War, 1914«1918 

four feet from the vortical; while the 
unfinished Torre Oarisenda close by is 158 
feet high, but as muoli as eight feet out of tho 
straight— a feature that made Dante compare 
it to the bonding giant Antaeus. 

Norman Towers that Collapsed 

In our own country Norman work has 
sometimes collapsed. In 1322 the central 
tower of Ely cathedral fell, being happily 
replaced later by the glorious octagon; and m 
1786 the western lower of Hereford crashed 
down on the nave vdth disastrous offccl. 
But there are still many fine examples of 
Romanesque towers on both sides of the 
Channel. In IVauce it was usual to build a 
pair of towers at the wesi end of churchoa, 
as at Caen in the Conqueror’s Abbaye aux 


Hommes; though central towers at tho 
crossmg are also found, ns in his queen’s 
Abbaye aux Dames. Worms cathedral in 
Germany has twin ch'cular towers at each 
end as well as a low octagon in the centre, 
while Tournai cathedral in Belgium has twin 
square towers flanldng the transepts. In the 
basilica of Sant’ Andrea at Vercolli in north 
Italy thei o are two thin western towers, a cen- 
tral octagon with a smaller superimposed, and 
a large isolated campanile on the south side. 

In our greater ehurchos in England wo have 
Romanesque (Norman) central towers at 
Winchester, Norwich, Tewkcslmry, and St. 
Albans (the last named oonstruoteci of Roman 
bricks from Vcrulamium) ; a single tower in 
tho middle of the west front at Ely (lower 
part) ; a pair of western towers at Durham and 
Lincoln (lower parts); and a invir curiously 
jjlaced as transeiits at Exeter. Southwell 
provides a perfect example of a church with 
both central and twin westoru towers in 
Jhe Romanesque stylo. Parish churches 
with Norman towers, generally central, are 
numerous; siiecial mention must bo made of 
the fine tower of Oaslior church, Northants. 
In Ea.st Anglia many western lowers are 
circular — there is a good example at Little 
Saxham, vSuffolk — this form hohig adopted 
owing 1o tho ahsoneo of good local stone for 
Imilding tho quoins oC .square towers. 

Towers of Defence 

Meanwhile tho military architects wore 
developing tho tower as a moans of dofouce. 
Not only wore Iho walls of a castle or a 
town strengthened at intervals by projecting 
hastions in tho Roman and Byzantine 
manner, hut single lowers were erected of 
such height and mass that they were almost 
imiiroguablo in tho days before the use of 
gun])owder. In Erauco s\icli a tower wa.s 
called a donjon, and a circular form was often 
adopted. There is a fine 12th-century 
example 150 foot high at Ohfttoaxidun, while 
Ijart of tho oastlo at Ainhoiso on tho Loiro 
eonsisls of what Henry James called a colossal 
eylindor: “it is of astounding size, a fortress 
in itself, and contains, instead of a staircase, 
a wonderful inclined plane so wide anil 
gradual that a coach and four may he driven 
to tho io]).” There is a similar arrangemont 
in the groat round lower of Trinity olnirch, 
Co])onhagen (1000). 

But those paled into insignifioanoo bosido 
tho iramonso circular donjon of Oouqy-lc- 
Chfttoau, near Laon, with a height of 210 
feot and a dianiotor of 100 foot, two-thirds of 
the latter being taken up by tho walls; well 


The Noiman Keep 
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Medieval Church Towers 


might the architect Viollet-le-Duc HTnlaim 
that compared with this giant the largest 
towers known appear mere spindles. 

In England the Normans perfected the 
rectangular keep, and have left us many 
massive examples, some in positions of great 
natural strength, as at Dover in Kent, 
Richmond in Yorkshire, and Bamhurgh in 
Northumberland. The Tower of London 
has been already mentioned. Of rounded 
form but irregular plan is the so- 
called Csesar’s Tower at Warwick, 
which rises 100 feet from the adjoin- 
ing courtyard and about another 100 
above the Avon. The small but 
lofty keep at Cordsborough castle, 
Yorkshire, is circular within but has 
angular turrets outside running up 
its entire height. The most abnorm- 
ally planned tower in England is the 
13th-century example at Stokesay 
castle, Shropshire, which may he 
described as a “Siamese” pair of 
irregular octagons. This is really a 
tower-house, like the curious keep at 
Warkworth, Northumberland (about 
1400), which is constructed of un- 
usually fine masonry. As a defensive 
work the keep had fallen out of 
fashion by the 13th century, though 
there is a remarkable "domestic” 
example of the 15th at Tatter- 
shall, Lincolnahire, not to mention 
Edward IIFs famous Round Tower 
at Windsor. 

Border Pele Towers and Irish 
Bound Towers 

Edward I’s castles in Wales were 
designed as waUed enclosures with a 
crown of turreted towers, circular at 
Conway and angular at Carnarvon, 
where the three-turreted Eagle Tower 
is a strildng object above the tidal 
river. The numerous pels towers of 
the north of England, which were 
places of refuge from the marauding Scots, 
were originally small isolated keeps, though 
now often found attached to later buildings; 
those at Gh ipchase on the North Tyne and at 
Eeatherstone on the South may be singled 
out for special mention. In Ireland the 
curious round towers, mostly with conical 
caps, were built primarily for refuge, though 
probably in some cases Intended also for use 
as bdl-towers, as their Irish name "cloioht- 
heach" implies; it is noteworthy that their 
doors are often raised ten or more feet fi’om 


the ground. They belong to various dates 
fi’om the Gth to the 13th centuries, 
and are about SO feet in circumference. 
Perfect examples are found among other* ac 
Glendalough (110), Antrim and Cashel (02) 
and dondalkin (84 feet high). There are two 
of these towers at Clonmacnois — O’Rourke’s 
with raised door and McCarthy’s with door 
at ground level — and a very good example 
adjoins the cathedral at Bre^in in Scotland. 


It was left for the ecdesiaslioal architects 
of the lEddle Ages to bring the tower to 
SBsthetio perfection. The coming of the 
pointed arch introduced what is called the 
Gothic stylo, the flexibility of which inspired 
men to more and more ingenious designs 
and more and more daring effects. Towers 
began to soar from all the churches of western 
Q^tendom, and the spire was invented to 
carry the eye still fiirther up to the heavens. 
On the Continent there was a tendency to 
make the churches themselves so lofty that 
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Round Tower at KIllalBi co» Mayo, a perfect specimen of these Irish 
places of refnge. It Is 84 feet tn height 
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Photo : J. H. Reynolds 
lioity central church towers arc comparatively rare In 
France. Looking up Into the central tower of Coutances 
. cathedral, the exterior of which Is seen on the right 
I 

they were unable to bear the burden of a 
tower on the body of the fabric ; we find the 
builders of a cathedral hire Amiens content 
with a light “fleche” at the centre. In our 
own Westminster Abbey, which was French 
in conception but English in execution, the 
piers of the four great arches at the crossing 
are so bowed that they have never been 
asked to support an 5 ''thing more than the 
merest stump of a lantern. Towers were 
placed at the extremities of a church, 
generally flanking the western front. At 
Amions these are dwarfed by the lofty navo 
and, like so many pairs of towers on the 
Continent, are dissimilar in height and design ; 
Bourges cathedral, magnificent in other 
respects, suffers in the same way. 

At Chartres a much grander effect is 
obtainfed by spires, the south-western of 
simple design and BSO feet high, and the 
north-western a superb creation of the early 
16th century and 375 feet high. Lnon 
cathedral was originally intended to have 
pairs of towers not only at the west end but 
also at the ends of both transepts, where, 
however, only one was erected for each. 
These four towers, 180-190 feet in height 
and contrasting strongly with the squat 
central lantern, aro of most pleasing design, 
square below and octagonal above, and their 
effect is enhanced by their position on a 
considerable hill ; the oxen that dragged the 
stone up from the plain are oommomoraled 
themselves in stone, poering down from the 
upper stories of the western steeples. 

There are of course instances of central 


towers on French churches. 
Coutances cathedral in Nor- 
mandy, also on a hfil, has one 
of noble design, an octagon 
rising from a square Wt 
masked by turrets at the four 
corners; internally the view 
directly upwards into this 
lantern is particularly strik- 
ing. The western towers were 
considered by Rnskin to show 
one of the earliest examples 
of fully developed spires and 
“the evident treatment of 
the church spire merely as 
a magnificent house-roof.” 
St. Ouen at Rouen is a 



A Lofty Central Tower 
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An Ugly Spire 


attractive is the stately but too ornate tover 
on the south-west, which is 252 feet high and 
croTVTied wuth an octagonal lantern, it was 
built in 1620 and called the “Tour de 
Beurre” because the cost was defrayed by 
the indulgence-money paid for the privilege 
of eating butter in Lent. 

One other French tower must be mentioned 



Courtesy of German State Raetways 

The soarlnd steeple ot the minster at Ulm on the River 
Danube— the highest church spire In the world 

remarkable example of a French church 
with a lofty central tower; it dates from the 
14th century and is 260 feet high, including 
the octagonal open-work lantern called 
"La Couronne de Normandie,” the western 
spires being 282 feet high. The central tower 
of the cathedral at Eouen has been disfigured 
by the erection of a gargantuan iron spire 
rising to a height of 466 feet. Much more 
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Giotto’s Campanile at Florence, considered by Busfcln to 
bnllding. It Is 29 ? ftet bSgif 
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Golden Age of Tower Building 


and that is the extraordinary erertion at 
Albi, on the river Tam, some 45 miles from 
Toulouse. Here tho cathedral, dafing from 
the 13th century and roiibtructed entirely 
of red brick, was intended to serve aa a 
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The superb Torrazzo at Cremona In Lombardy, which to 
75 feet higher than the better-known Campanile at Venice 

fortress os well as a church; this dual con- 
ception seems to extend to the huge western 
tower rising in four receding stages, the 
uppermost of which is a real Janus, the 
eastern face square and forbidding, the 
western semi-octagonol and gracious. 

It was at Albi that Ihero arose the strange 


religious sect known as Albigenses The city 
suffered grievous damage a^ tho result of the 
protracted wa's that took place before thesie 
hcretie.s were at last exterminated by the 
authorities. 

The 13th century was the golden age of 
towel building, and the moist daring and 
elaborate conceptions, e.speoially in Germany 
and tho Low Countrii's, date from this 
century, though they were aoraetimea coin- 
])leted in the next and oven in modern times. 
It frequently happened that only one tower of 
a pair was carried up to its full height, and 
there was in Gonnany a special fondness for 
open-work spires. It has boon observed 
that tho junction of the sjiiro is often 
insufficiently markotl, in contrast to English 
design, and tho outline of tho wliolo steeple 
is consequently weak. The we.stern tower of 
Sti-ashourg (405 feet), completed in 1439, is a 
typical example; another of the same date is 
the south tower of Kt. Stephen’s at Vienna 
(448 feet). 

Though aotiiiilly dating only from tlio 
loth contiiiy, the western towers of Cologne 
cathedral, 515 feet high from the ground and 
with foundations descciiding (15 feet below it, 
were oroctod from a 15th-century design; and 
tho same may ho said of tho soaring H])iro at 
Ulni on tho Danube, which, with its 528 foot, 
claims to bo i ho highest ehiirch tower in tho 
world. The tower at Malines in Uelgium, 
begun in 1452, was intenilod to be Ihe highest 
in Christendom, but a heiglit of only 318 feet 
out of a projected total of 651 was attained. 
The north-western tower of Antwoi'i) entlie- 
deal (404 foot) was begun in 1352 and eoiu- 
])leto(l in 1 592 with an elaborate ojieii-woi'k 
fqrire, which Charles V eora])arcd to Meohlin 
(Malines) laeo. The iiio.st famous tower in 
Belgium is the belfry on tho town hail {Tour 
dcs Halles) at Bruges (1280 to 1480), which 
rises 200 feet above tho main Imildiug and is 
of rinusiial aiul somewhat top-heavy draign; 
its cai’illou of 49 bolls boats that of Antwerp 
by two. 

Italian Gothic Bell Towers 

Tho Gothic style in ftaly was of short 
duration; its crowning aeliiovement was 
Giotto’s cam])anile at Floroneo (1324), which 
Ruskin eulogized as tho one building in tlio 
world that conihincd all tho eharaotoristioa 
of noble architccbuic; it is 292 feet high, 
and the two middlo stories are “equal hut 
dominant over smaller divisions below and 
subordinated to tho noblo third above.” 
At Gromona in the plain of Lombardy there 
rises tho superb but littleJcuown Torrazzo, 
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a huge sqxiare tower surmounted by a graceful 
octagonal lantern of two stories, 397 feet 
high in all. This is far loftier and indeed 
more pleasing than the famous campanile at 
Venice, the original of which, built in 1329, 
collapsed in 1902 and, in spite of its 322 feet, 
did surprisingly little damage to its surround- 
ings. In contrasting Italian and English 
types Eiuskin made a grossly unfair compari- 
son between this tower and a 


Leland, “The Tourre of Stone and the High 
Pyramis of Stone on it is a noble and a 
memorable Peace of Work.” In our parish 
chinches the tower is most frequently at the 
west end, like Boston “Stump,” and may be 
seen in its full stature. Much could and 
indeed has been wTitton about our local 
styles of tower building. In the old diocese 
of Lincoln spires were the fashion, and 


small modern tower in 
Edinburgh. He should rather 
have taken a tower like Boston 
“Stump” (266 feet) as truly 
typical of English style; “our 
detestable Perpendicular,” as 
he was pleased to call it, how- 
ever it may fail in other ways, 
is most admirably suited for 
carrying the eye upwards, and 
whereas the tower at Boston 
resembles a vigorous sapling 
shooting up to the light of 
heaven, the campanile at V enice 
is far more like an enormous 
peg driven into the ground — ^in 
any case it is quite out of 
proportion and keeping with 
the delicate buildings beside 
it. Eurthormore, the English 
buttresses that found such dis- 
favour with Euskin have so 
far prevented collapse. 

'Loftiest and Queenliest of 
English Steeples 

In England our greater 
churches ai'e conspicuous for 
length rather than height and 
often achieve the culminating 
glory of a lofty central tower, 
in several cases with a pair of 
western towers as well. Lincoln 
cathedral on its hill has a 



noble trio of tho 14th century; 

York’s three date from the ..oh.r, 

16th, the massive central tower “ ^ 
contrastiug with the graceful 
western pair. The central towers of Canter- 
bury and Gloucester are splendid creations of 
“our detestable Perpendioidar.” Spirescrow'n 
the central towers of Chichester (277 feet), 
Norwich (313 feet), Salisbury (404feet), and all 
three at Lichfield. Since the destruction of the 
600-feet load-covered wooden spire of Old St. 
Paul’s in London, Salisbury spice may claim to 
be the lo ,est and queenliest steeple in Eng- 
land; in jie quaint language of the antiquary 


ir, P Taylor 

Boston “Stomp o triumph of purely EnaUsh architecture. lUshia to 
a height ol 266 feet, It Is a landinark for many miles around 

1 of Canter- specially fine examples are found at 
jreations of Grantham, 281 feet high and thicMy set 
pirescrow'n with crockets; at Louth, 

(277 feet), constructed in fourteen years for £306 7s. 5d. ; 
eet),andall and St, Michael’s, Coventry, not qmte 300 
lotion of the feet and with an octagonal lantern between 
5 of Old St. tower and spire. 

lay claim to Norfolk and Somerset axe both noted lor 
ipleinEng- their lofty perpendicular towers. In the 
e antiquary former, the tower at Cromer is built ot a 



Local Peculiarities 
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Renaissance Towers of Wren 


beautiful coinbination of stone and squared 
flints. A very different material is tlie 
granite of Probus. church tower in Cornwall, 
which nas not erected till Elizabeth ’a reign 
but recalls the small hut perfectly propor- 
tional Magdalen tower that makes such a 
noble entrance to Oxford from the east. Still 
anotiier materialis the “newredsandstone ” of 


the central oetagonatNantwioh, Cheshire, and 
the “oldred” of thesimplehut charming steeple 
at Weobley, Hereforddiire. These are but a 
few local peculiarities ; among them we may 
include what Professor Prior calls ‘'the en- 
giueering feat which squeezed out the spire and 
left it as a mere pinnacle or suspended lantern 
strutted by four arches, as at St. Nicholas, 
Newcastle, and commonly in Scotland.” 


The architects of the Renaissance church 
towers had no Greek and Roman prototypes 
to inspire them, but they produced a wonder- 
ful variety of designs, some of considerable 
nobility lilco Wren's masterly spire (216 feet) 
at St. Mary-le-Bow. His creation at St. 
Bride’s, Fleet Street, justifies a criticism 
levelled at Renaissance spires — that they look 
as if the various tiers 
could be unscrewed. At- 
tempts to produce novel 
ideas sometimes resulted 
m bizarre effects, as in 
the corkscrew spire of 
Our Redeemer’s church 
at Coponliagon and the 
ridiculously tapering 
Ionic column at St. 
Jolm’s, Horselydown in 
Bermondsey. 

Pr ayer Towers of Islam 

So much for the towers 
of Christendom. Before 
pasamg on to the East 
we must first glance at 
a magnificont creation of 
Moorish architecture in 
Spain, the great Oiralda 
at Seville, erected in 
1195, probably as a sym- 
bol of power though later 
turned to the use of a 
minaret. In plan it ia_45 
feet square, and its tile- 
faced walls are nearly 10 
feet thick; tho original 
portion rises to a height 
of 185 foot and is sur- 
mounted by a graceful 
Rcnaissaiico lantern 
(1508) bearing the inscrip- 
tion “Nomon Domini 
Fortissima Turris” and 
a thirtccn-foot figure of 
Faith with a bamior as a 
vane. The more usual 
type of minaret, whence 
the faithful Mohammedan 
is called to prayer, is a 
slender pencil-like structure; specially good 
examples stand about the mosqtie of Suleiman 
the Magnificent ( 1 650) at Istanbul, and a highly 
ornate specimen adjoins the mosque of Qait 
Bey at Cairo. In In^a there is the Kutb Minar 
at Delhi (1200). which rises to a height of 238 
feet, tapering gracefully from a -diameter of 
forty -seven feet to nearly ninei^’c Tho shaft 
consists of live stories enelosii'jg a spiral 
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staircase and was 
crowned by a now 
broken cupola which 
fell during an earth- 
quake in 1803. The 
original purpose was 
doubtless a muezzin’s 
tower. 

But we have passed 
over, both hi space and 
time, a truly astonish- 
ing monument of 
Muslim architecture, 
the Gunbad-i-Qabus, 
standing outside the 
ancient city of Gurgan, 
some fifty miles north- 
east of Astorabad in 
Persia. It was a tomb 
built about the year 
lOOO for the Amir 
Qabus of tho Ziyarid 
dynasty in Khurasan, 
in plan circular 
withhi, but ton-sided 
outside with angular 
buttresses, in height 
and oiroumferenoo 
nearly 200 feet; there 
is no sign of stairway 
or other mode of as- 
cent, and the only light 
comes from a small 
window in the comcal 
roof. It is built of 
line bricks of a golden 
buff colour and bears 
an Arabic inscription 
in duplicate made of 
projecting brickwork. 

It has been called one 
of the four supreme 
masterpieces of Por- 
sian architecture. 



The Quaint Pagoda 

A special kind of 
tower IS associated with 
the Buddhist religion, 
it is familiarly known 
as a pagoda and often 
houses the relics of 
Buddha or of a saint, 
though it may be 
erected in any place 
as a work of devotion. 

One of the most '‘Qlory 0l DelhI”--UieKutb Mlniir.beeim 

femous and typical of „y Kutb-ud-D^» L y “ <* 

Burmese pagodas is 


Photo thiUua G Pouting 


Wonderful Chinese Pagodas 


the Shwe Dagon near 
Eangoon, a bell-shaped » 
mass of brickwork, 
covered with gold- 
plates and rising ui a 
tapering spire 312 feet 
from a high platform ; 
at the summit is a metal 
framework studded 
with jewels. On the 
platform are many 
spire-hke objects with 
tiers of projectmg 
roofs, each slightly 
smaller than the one 
below. Tiers of roofs 
are tho great feature of 
Chinese pagodas, which 
are usually polygonal 
and have from three 
to thirteen stories, 
sometimes very 
crow ded together. At 
Sooehow there is a 
nuie-stoned pagoda of 
stone and wood, 230 
feet high; at ChangU, 
133 miles north-east 
of Tientsin, there is an 
ancient pagoda which 
hasthirteenprojeotions 
all close together and 
not markedly tapering. 
The Flowery Pagoda 
at Canton, dating from 
the 6th century a h , 

IS octagonal, nine- 
storied, and 270 
feet hi^. But the 
loveliest must have 
been the Porcelain 
Tower at Nankmg, 
destroyed in 1853. 
Professor Banister 
Fletcher says of it: 
"It was an octagon, 
40 feet in diameter 
and 200 feet high. The 
eaves of the roof to 
each story curled up- 
wards, and from the 
angles bells, number- 
mg 150, were hung. 
It was built of brick, 
coated with coloured 
slabs of green glazed 
porcelain, on which 
its effect mainly fia- 
pended." 


Towers of To-day 
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A Familiar London Landmark 


Only a few among many notal)le modern 
erections can be noticed here. The Gothic 
revival in the 19th century led to attempts to 
rival medieval creations. The west tower of 
St. Xioholas, Hamburg, 48.3 feet in height, 
was buUt in 1874 from the design of Sir 
Gilbert Scott, whose son designed an imposing 
central tower for Liverpool cathedral. When 
the Houses of Parliament at Westminster 


leaning six feet out of the perpendicular, did 
not meet with popular apjjroval when it was 
first erected about 1900; but its long smooth 
shaft carrying the eye up to the graceful 
cupola is now a familiar landmark and holds 
an honoured place among London monu- 
ments. One of the most famous of modern 
towers is Ragnar Ostberg’s strilciiigly original 
design for the town hall at Stockholm, with 



A supreme masterpiece of P^slan architecture— the wonderful Gunbad-l-Qabus (Dome of Qabus), in Persta^nearl 

300 feet high and built of fine bricks of a golden bull colour ' 




were rebuilt in 1840-50, Sir Charles Barry 
included two stately towers, the massive 
Victoria Tower, 336 feet high and 75 
feet square, and the slimmer Clock 
Tower, 320 feet to the Snial, both rather 
overloaded with Gothic ornament. The 
design of the very pleasing tower at the 
Imperial Institute, 280 feet high, may have 
been suggested to the architeot, Sir Thomas 
Oo^utt, by the Tour St. Antonie at Lochea 
Bsotley’s groat campanile 
at Westminster cathedral, 284 feet high and 


tapering walls of dark-tonod brick and a 
crowning lantern, somewhat suggestive of 
a lighthouse. 

The famous EifEel Tower, whoso name 
Qommemorates its designer, belongs to 
engineering, rather than to architecture. 
It was completed in 1889, and rises to the 
great height of 984 foot, with its four iiiors 
sunk thirty to forty-five feet into the 
ground; we are told that it is oonstnioted of 
12,000 pieces of metal fastened by 2,500,000 
rivets. In recent years it has been turned 








Elfd. 

Greatest of all Buddhist shrlneSi the famous Shwe Daioa pagoda, near Rangoon, Is covered with (old plates sod 

surmounted by a Jewelled flnlal 




Designed for the Paris Bxblbltlon of 1889, the DJffel Tower Is now one of the most familiar landmarks In the world, 
Electric lifts run to the top, from which a magnlScent view Is obtainable. The tower la an Important meteorological 

and wireless station 




New York Sky-scraper 
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to practical use, being equipped with a 
powerful wireless installation. The 17.ng]igTi 
attempt to outdo it -was a dismal failure; the 


A Lofty but Ungainly Erection 





FosBesslnit the distinction of being: the highest edfflce la 
the world, the Empire State Bunding, New York, has 
102 stories and is 1,250 feet high 


tower at Wembley Park was projected to be 
1,200 feet high but newer rose above the first 
story and was ultimately scrapped. New 
York “sky-scrapers’’ are also in the nature 
of engineering feats, though the ensemble as 
seen from the water is certainly effective; 
these buildings are economically justified by 
lack of space to spread laterally. Pinally we 
must mention an ungainly erection at Ihirin, 
the Mole AntonellLana. This starts as a huge 
block forty-four yards square and for about 
one-third of its height consists of receding 
stories ornamented with many columns; 
the middle portion is an elongated four- 
sided dome of enormous size, and this is 
surmounted by a square block culminating 
in a tapering spire. Its total height of 636 
feet makes it a trifle tdgber than Ihe spire of 
■Dim; but iu the attainment of this distinction 
any qualities of elegance or proportion have 
heen sadly soorifioed. In our brief survey of 
the world’s towers we thus end where we 
began, on a somewhat “vainglorious" not?. 


Majesty of Falling Waters 


"Fantastic, Tameless Beauty” 
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chapter XI 

THE MAJESTY OF FALLING WATERS 


I IKE the mountains, though not perhaps 
to the same extent, waterfalls have been 
regardcfl with awe and terror by uncivilized 
men. This is not surprising when one sees 
to-daj’’ an immense mass of water tumbling 
over rocks and precipices with a resounding 
noise; and it must have been much more 
terrifying to primitive man, who knew 
nothing of the law of gravitation. It, is 
said that the Indians who lived near Niagara 
believed that the Fall was a god and that 
the noise of the falling water was the voice 
of the Great Sforit, whose home was in the 
spraj’’. Every year they offered up to him 
the fairest maiden of the tribe and a portion 
of their crops and of the animals they had 
killed for food, 

Everyone knows what a waterfall is, bnt 
not everj'one is sure of the difference between 
a waterfall and a rapid. There is no hard 
and fast rule on this matter, any more than 
there is in the difference between a mountain 
and a hill, but it is suggested by one writer 
on the subject, Mr. E. C. Rashleigh, in his 
book "Among the Waterfalls of the World,” 
that to be a waterfall the water must mfike 
a vertical leap of not loss than fift}' feet. 
If it makes leaps less than that it is but a' 
series of rapids; if it makes one small leap 
it is a cascade or cataract. 

Hoiv a Waterfall is Measured 

Some wiU doubtless ask another question : 
How does one measure the greatness of a 
waterfall? How do we know that Niagara 
has been beaten by Guayra? The main 
points to be considered are volume, height 
and width, but width is the least important 
of the three. Volume is reckoned in ouhic 
feet per second. According to this, Guayra 
sends down more than double the volume 
of water sent down by Niagara, 375,000 
cubic feet per second against 158,000, both 
these being minimum figures. The Victoria 
Falla, on the other hand, send down far leas 
water than Niagara, but it descends from 
nearly double the height and on this account 
Victoria was considered at one time the 
greatest waterfall in the world. We prefer, 
however, to reokotr by volume, and although 
this varies enormously in some falls between 
one part of the year and another — especially 
■when the immense increase due to floods 
is operating — is certainly the most satis- 
factory standard of comparison. 


The waterfall is almost everywhere a thing 
of beauty, for, to the beauty of the water 
itself, there is added the element of move- 
ment in ita moat majestic form. The 
attraction that water, and therefore water- 
falls, have for the artistic mind and to a 
leiBser extent for all sentient human being*- 
has been expressed in a ^ qrf 

beauty by John Ruskin . 

Painters” writes as follows: 

Water — the Wonder Worke r 

aV raganie Bubateacaft, acting ia \Iaxm 
owm proper nature, and without assistance 
or combination, water is the most wonderful. 
If we think of it as the source of all the 
changefulness and beauty which we have 
seen in the clouds; then as the instrument 
by which the earth we have contemplated 
was modelled into symmetry, and its crags 
chiselled into grace; then as, in the form of 
snow, it robes the mountains it has made 
■with that transcendent light which wo could 
not have conceived if wo had not soon; 
then as it exists in the foam of the torrent — 
in the iris which spans it, in tlio morning 
mist which rises from it, in the deep crystal- 
line pools which mirror its hanging shore, 
in the broad lake and glancing river ; finally, 
in that which is to all human minds the bast 
emblem of unscarred, unconquornblo power, 
the Avild, various, fantastic, tamoloss beaut 
of the sea; what shall we compare t 
mighty, this universal element, for 
and for beauty? Or how shall wo 
ita eternal changofulnoss of feeling? , 
like trying to paint a soul.” 

Waterfalls are chiefly found in inoxinta 
oils countries, though somo of the large 
for instance Niagara and the Victoria Fa 
ore in fiat lands. The reason, is that in s- 
regions the groat rivers have tribi 
streams whose beds have not been 
do-wn as yet to the lovol of tho main 
the water must therefore make a 
somewhere. In more level areas tho water- 
fafl is generally due to tho existence of rooks 
with different powers of resistanoo to erosion. 
For instance, the Niagara Falls are clue to tho 
resistant layer of limestone that covers less 
resistant soft sliales. 

Another type of waterfall is found iu 
hmeatone districts whoco the ■watca dis- 
appears underground in a channel dissolved 
by tbo stream. This is the case with the 


Africa’s Wasted Water Power 


[ 171 ] 


World’s Hydro-electric Output 



Co iitesy of Caitahan \ttUoiial RI\s 

The waters of Niagara harnessed to supply electric power— con Crete conduits lend the water down the cUff>sldc to the 
^ turbines belowf at the great Chippewa Power Gate 


turn, and the rotating axle is coupled to 
enornioufi dynamos which supply electrical 
energy. 

Willi the dawn of the new century came 
new and wonderful uses of clecti icity. Energy 
from hitherto uastod water pmver offered 
infinitely greater potentialities than the old 
ide syatoiu of hydro-mechanics. The initial 
1 , perhaps, was slow, but once the first 
lootric Bchomcs proved not only 
A hul amazingly successful, a wonderful 
I expansion in this field began. We 
still scarcely beyond the threshold of 
, ora to-day 

3»f Power in the Rivers 

recent estimate of the potential horsc- 
•, of the world’s rivers gave a figure of 
■',000. Almost half of this available 
i practically undeveloped and flow- 
Waste in the great rivers of Africa. 
South ’America has groat resources of water- 
power, only about 1 per cent, of which ia so 
far utilized. The next greatest source of 
hydro-electric jiowcr after Africa is North 
merica; but here development has been 
pid and continuous and already something 
.ifce one-third of tlie potential poiver has 
boon harnessed; a like proportion is also 
given for Europe. 

Many differing ostimates have been given 


regarding the output of hydro-electric power 
in various countries. The following table 
is sufficiently accurate for comparative 
purposes, and irill serve to give a mental 
picture of the position to-day. Assuming 
the world output (1934) to be about 39,000,000 
kilouatts, the following table shows the 
principal producers • — 


Counti 1 / 


Kw. 

Per cent. 

U.S.A. 


11.800,000 

., 30 06 

Canada 


6,256,000 

.. 13-39 

Italy 


4,348.000 

11-08 

Japan 


3,150,000 

. 8-03 

Prance 


2,780,000 

. . 7-08 

Germany 


2,300,000 

. . 5-86 

Switzerland 


1,900,000 

.. 4 84 

Norway 


1,800,000 

. . 4-71 

Sweden 


1,400,000 

. . 3,57 

Spain 


875,000 

. . 2-23 

U.S.S.R. . . 


758,000 

.. 1-93 

Austria 


726,000 

.. 1-85 

Brazil 


525,000 

1 34 

Pmland 


300,000 

-76 

India 


300,000 

•76 

Mexico 


236,000 

•60 

Great Britain 


228,000 

•58 

New Zealand 


225,000 

•57 

Jugo-SIavia 


190,000 

48 

Czecho-Slovakin 


110,000 

•28 

100-00 



Harnessing Niagara 
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development of {SfiOOOO hoisejiontr Ihne 
of its gigantic units being iiled at 70,000 
horse-poner eaeh On the Canadian side, 
Ihice opeiating eompanios take eneigy fioin 
the falls to the o\.tent of 680,000 kw The 
natei is diverted into a canal twelve and 
three qiiaitei miles long nhenee it passes 
to a screen-house nliere the natei is filtered 
and all debris lenioved From there the 
mighty Btieam is conve-yed m gigaiitu 
pipes 14 feet to 16 feet in diameter Thitc 
phase alternating cnrient is geneiated at 




CowU’iy of Canad an Na/ioitaf Ii/\ v 

Canada has not been slow to develop her natural resources for the production of electricity Hugo turbO'-gcncrators 
of the Saguenay River Power and Development Go at Lake St John« Quebec 


Of the Moild sgrest hydio-electiie se hemes 
tint utili 7 in£, the XiiLira Ji'alls is piol)abl> 
the best kiioun iminlv beeause at the tune 
of it- iiieeption it nas the most ambitious 
sphemo \ct undertaken Fed by Lake 
Supeiioi the laigest fiesh natei lake in the 
•ntirlel the conlormalion of the falls anel 
their ajipioaehes made the task an easy one 
foi inoelcin enuncers 

The general principle governing the con- 
stnietioii of all hydro electric plants is. the 
same Wlieie a fall of nater occnis, the 


nver is diverted some distance above the 
fall into what is known as the “head race ” 
All debris which might smash the rotating 
turbine is barred, and the water rushes along 
the penstocks and through the tui bines 
situated beside the foot of the falls, whence 
it escapes in the “tail-race” to re]oiii the 
parent river on its journey to the sea 
The falls at Niagara, w ith a total drop of 
310 feet to the whirlpool below, have a 
potential capacity of 6,000,000 horse-power 
for the full river flow On the Aaneiican 
side, the power production is m the hands 
of a smgle huge concern that has a total 


12.000 volts, and is transformed up to 

110.000 volts for tiansmissioii 

AJthough the USA has a larger hycli o 
electric output and many more plants, 
Canada with a potential power devolopmont 
under this system of almost 8,000,000 horse- 
power has a far greater electric il output pei 
head of population The great bulk of this 
power IS developed in Quebec piovini e, wliei e 
pulp nulls are run , and in the w estern 
dish^icts of the Rockies, w hero the Columbia 
and other turbulent riveis provide powei 
for saw -mills and factoiies 

On the Saguenay River in Quebec Province 



Germany’s Dual System 
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a luxury. On tlje Lou ?r (Tlonnuen Riwr arc 
four notable liydro-clcctric plants uitli a 
total capacity of 300,000 kw., of which more 
tlian half is already developed. Over 1,000,000 
horse-power, derived from the energy of falling 
water, is used annually 
in Norway. Although the 
price has recently been 
raised, the present rate of 
one-tenth of a penny per 
unit can scarcely be called 
exorbitant. 

Sweden has attempted 
to develop her water-power 
much as Norway has done, 
but the former country 
is handicapped by colder 
conditions since it is not 
open to the warming influ- 
ence of the Atlantic. In 
spite of this, almost every 
AvaterfaU. of any size is 
harnessed to provide elec- 
tricity to the surromid- 
ing area. Stockholm, the 
capital of Sweden, is sup- 
pUed with electricity from 
the Trolhatten Falls, W'hich 
derive their water • flow 
from Lake Vener, a sheet 
of w-ater ninety miles long 
and forty-five miles Avide. 

Finland possesses many 
small lakes, and rapids are 
a feature of its small 
rivers, most of AA^hich are 
capable of profitably pro- 
viding electric-power. But 
the scattered population 
outside the big toAAiis 
renders it inutile to greatly 
exceed the pre.sent figure 
of 300,000 horse-poAver. 

Two-thirds of this output 
is derived from the double 
fall at Sauna Lake. 

Switzerland, Germany 
and Italy have been fully 
alive to the value of their 
Avater - poAvor, and the 
electrification of many of 
their railway systems has 
followed from hydro-eleetiio development. 
SAvitzerland possesses, at Lac Fvilly, the 
highest Avorking head of water in the world. 
The plant is situated at a height of 5,400 
feet, and the pressure of water in the pipe- 
Jhie near the power-house is 2,260 lb. per 
square inch. In Italy, since the Great War, 


hydro-electric dcA-elopment') huA'e been 
speetacuhir. The enonnon-j ])ltint at Piedi- 
mulera, in northern Italy, links uj) with 
Swts elcctrifieatioii scliemes. 

Germany has a syotem whereby electric 


stations which derive energy from coal join 
up with hydro-electric stations, so that the 
power “rings” are complete. In France 
the recently erected power station at Chanoy- 
Pougny on the RhOnc supplies eleotnoity to 
an enormous district, and is one of the most 
important in the country. 



The Shannon Hydto-electric Scheme [ 176 ] 


The Miracle of Volkhovstroy 


When ‘•floral ^eaiN ujiO Southern Ireland 
became a '■eparaie ilate, tlie Free 
leailci''. icaliicfl tlie necest-ity oi piovkling 
cheap electiic ]iower 1o make fuller industrial 
deTelnpmeiit po^Mbie. The obvious choice 
was the utiluation of the energy of the 
Shannon, fed bj’ a chain of lakes that runs 
tlirnnah the heart of Southern Ireland. In 
]!kJ5 the great Shannon hydro-electric 
cchenio ivas launched, and four years later 
it 11 as completed at a, cost of £8,000,000. 

Tlie poiver-station at Ardnacrusha is 
situated at the end of a 7i mile head-race 
Ti-hich, taking water from a weir just above 
Limerick, returii.s it to the river at the village 
of Parteeii. The staiion is equiiipecl with 
tbiee vertical turbines of 38,000 horse- 
pouer each, operating at a speed of 160 revo- 
hitioiis per minute. Should necessity arise, 
the output of the station can ha doubled. 
The current generated at Ardnacrusha is 
transmitted across country to Dublin by a 
110 kw. double line, while another cable 
conveys power to the city of Cork. 

VMt Power Schemes of Russia 

Not only cities are thus served, but more 
than 200 urban and mral areas have been 
brought into the distribution scheme. Other 
plans are on foot for further power-plants in 


the Irish Free State, and before long it is 
likely that the JRivor Liffey will be similarly 
harnessed. 

Soviet Russia has great supplies of w'ater- 
power capable of development and lliis 
available energy is estimated at 200 million 
horse-power. One of the most remarkable 
enterprises was that for using the watcr-pow^cr 
of the Volga. Regun in 1922, when Russia 
w^as .still staggering from the effects of 
revolution and civil war, there was practically 
nothing in the country ready for .such a huge 
constructive effort as a dam across the 
Volga. Iron foundries wore lacking; bricks 
were scarce, even nails and screws had to 
be gathered by collectors scouring the 
country for material. Yet, in the end, the 
miracle was performed and Volkliovstroy 
power-station with eight 10,000 horse-power 
timbines came mto being. In the first four 
years of its existence the station saved 
the state 26 million roubles’ wortli of I'oal: 
and, what was more hnportant, the cost of 
power was reduced by onc-half. 

The Ukraine has been solocted as one of 
the moat important areas of electrical 
development in the U.S.S.R. Many of Iho 
existing stations have been considerably 
extended, while the now constructions include 
the largest hydro-clectric station in Iho 
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■world. The rapids in the Dnieper, where 
the station was erected, have always been an 
insurmountable ob.staele to tlie "utilisation 
of the river, which flows through a densely 
populated and economically important area. 
This obstacle, which prevented the e.staWish- 
ment of communication betw een the Baltic 
and Black fcJea regions, is now utilized for 
the development of the country. The dam 
erected at the foot of the rapids not only 
provides power but makes the Dnieper 
navigable along its entire course. 

The Dnieper station, which was opened in 
October 1932, is equipped with nine turbo- 
generators each of 62,000 kilowatts capacity 
and two of 3,000 kilow'ntts each. The 
enterprise was begun in Xovem her 1.927, 
and since that time, in addition to ilic hydro- 
electric station itself, a number of metal- 
lurgical and chemical works have come into 
being and a new' town has sprung up. 
Current is supplied to all those works and 
also to the neiehbouring towns of Dnepro- 
petrovsk and Zaporozhyze. 

Before the erection of ■the station and works 
it was necessary to transfer peasants from a 
site of about 100,000 acres to other parts of 
the country. The dam. which is a mile and 
a quarter long, used up 43,200,000 cubic 
feet of concrete. It has raised the level of 
the upper part of the Dnieper by about 
130 feet, making navigation possible along 
the entire riv er. The barrage has forty -eight 
openings cIo.sed by water-gates, each weigh- 
ing about forty-eight tons, w'hich regulate 
the inflow of water to the turbines. 

On the left bank of the Dnieper locks have 
been built enabling ships to poas from one 
water level to another. Across the dam, at 
a height of 172 metres, a wide road has been 
built for motor-car and tramway trafiftc; 
it leads to new indu.strial districts on the 
left bank of the river. 

WATER TO DRINK 

In the early days of civilization the first 
to'vvnships grew up where there was a good 
natmal water supply. But as the popula- 
tion of these towns increased, the supply in 
the immediate neighbourhood almost in- 
variably proved inadequate and the w'ater 
had to be brought to cities from sources 
many miles away, by means of aqueducts. 
The greatest builders of aqueducts in ancient 
times ■ft'ore the Romans, and their gigantic 
schemes for bringing ■w'ater to their cities 
are even to-day considered triumphs of 
engiueering. Something has been said about 
the Roman aqueducts in Chapter XXXVL 


Until little more than a century ago the 
method.^ of supply and distribution of 
drinking water to ?no.->t town.s .ind cities 
were usually haphazard and altogether un- 
hygienic. The story of T.ondon's water 
supply illustratc's the transformation that 
has been brf)ught about and thi‘ manner of 
its accomplishment . 

The Trade of Water-carrier 

Until the 13th century, Londoners relied 
not only on the “fair wells and .springs which 
they had in every .street and lane in the 
City," but also on the Thame.s water itself, 
which either tlie users or. if they were 
wealthy, their seivants fetched from the 
riverside. Later the t rade />f " ■water-carrier” 
sprang ii]3, the men following this vocation 
usuallj' Iji'imr called “robs " since they 
mostly lived in Cob's Court, a lane lending 
to the river at Bluckfriars. Even at the 
beginning f)f last century water for domestic 
use was drawn from the Thames as far 
doWTi ns London Bridge, and was delivered 
to consumers without filtration of any kind. 

In 1230, the City Corporation eommencerl 
the building of conduit houses where public 
cisterns hold the water conveyed there from 
several fountains and wells in the neighbour- 
hood. Sometimes w-ealthy persons obtained 
permission to take a private supply by pipe 
or “quill” from tlie.se eoncluits direct into 
their houses. Water for domestic purposas 
could, in the Nth century, be obtained from 
these conduits without payment. 

For more than three centuries the city 
authorities continued this wretched supply, 
the conduit houses becoming more and more 
neglected. In 1603 iilague broke out, when 
the infected city water is said to have caused 
over one thousand deaths during a single 
week, and a total mortality of 33,000. 
London was aroused to the need of a belter 
water supply, and in 1616 an Act of Parlia- 
ment empowered the bringing of water from 
Hertfordshire to the city in a closed trench. 
This was considered too great an under- 
taking for the city authorities and it was 
carried out by private enterprise. The New 
River Scheme, as it was called, was brought 
to a successful conclusion by Sir Hugh 
Myddelton, a wealthy goldsmith and ship- 
ping merchant, the w'ork taking COO men 
some five and a half years to complete. It 
is interesting to note that this scheme still 
supplies part of London’s w'ater needs. Tho 
New River water supply was brought to the 
Round Pond at Clcrkenw'ell and conveyed to 
Ihe City by means of hollow elm pipes. These , 
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^^ooden pipes were very un'-atisfactory and, This Board is the largest undertaking 
the bore bemg small, it was not unusual for as of its kind in the world, supplying as it 
many as wx of them to be placed side by side, does 7,500,000 people distributed over an 

- area exceeding 537 square 
miles . The average a mount 
of water used daily for 
the past few years has 
been 279 mdlion gallons, 
or 38J gallons per con- 
sumer. 

Over two-tliirds of the 
I Board’s supply comes from 
i the Thames, and one-sixth 
I from the River Lee, whilst 
the remaining sixth is sup- 
plied by wells and springs. 
The present reservoirs have 
a storage capacity of some 

20.000. 000.000 gallons; 
three additional reservoks 
are to be constructed, and 
those will increase the stor- 
age capacity by a further 

11.600.000. 000 gallons. The 
largest of the present stor- 
ages is the “Queen Mary” 


Lonaon's wafer oa Ita way to the 
tap, \ giant flywheel, and pump 
tmm, (right), at the Metropolitan 
Water Board 's pumpln A ataUon at 
Green Lanes 

The establishment of this, 
the first of London’s private 
water companies, was 
followed during the next two 
oehturies by the creation of 
a further seven concerns. 

The rivalry between these, 
each with its own systems 
of reservoirs and mams, was 
so fierce that often two or 
three companies touted for 
customers in the same street. 

Tlie outcome was that the 
streets were constantly being 
dug up, the rival gangs of 
navvies often engaging in 
free fights with pick and 
shovel. In course of time 
affairs were put on a more 
sensible basis and the 

pames each came to have their own par- 
ticular territory; in 1902 the eight private 
water concerns then existing were taken over 
^ the puhUc authority, and the Metropolitan 
Water Board was created. 




reservoir at Littleton, near Staines. When 
full It oontams 6,760,000,000 gallons of 
wajtei^ a quantity sufficient to supply London 
only for twenty-three days. The area of the 
reservoir is 723 acres and the depth of water 
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is thirty-eight feet. Including the nearby Water is delivered to consumers through 
pumping-station, it cost £2,000,000 to a network of ca&t-iron mains uhieh total 
construct The water is drawn from the 7,800 miles in leniith and which vary in 
Thames through specially constructed m- diameter from forty-eight to thiec inches, 
takes which are equipped with meters To mains of from three to siv inches in dia- 
Almoit all the Boarcl’s reservoir.-! are filled meter arc connected the smaller lead pipes 
by meins of pumping operations. The water (iisnally half-inch in internal diameter) which 
is then double-filtered by bemg passed carry water into dw'ellmg houses, 
slowly downw'.irds through a thick laj'er of London's water supply requires no fewer 
fine sand, and i.s later treated wuth minute than J-.doO men to keep up its constant and 
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Rather like an enormous wasps' nest— a striking air vlow of the Meriden Reservoir, Coventiy, during construction. 
It bolds 10,000,000 gaUans of water In store for the Olty's use. See also lUustratton page 180 

quantities of ammonia and chlorine in order uiifailhig service. Their w ork, mostly un- 
to deal with any bacteria still remaming. seen by London’s millions, ensures a supply 
The plant in the many pumping-stations of pure and wholesome water available at 
owned by the Boaid is required (1) to pumii every tap in the metropolis at an average 
river water into storage reservoirs, (2) to cost of 2|d. a ton. 

pump filtered water into supply, and (3) to Some of our towns have to go far afield for 
raise water from wells and pump it into supply, then,' ivatcr supply, and even then do not 
The ‘’Queen Mary” reservoir, for example, find a ready-made source that will give them 
is filled by four centrifugal pumps driven the abundance they require. Narrow valleys 
by single-cylinder uniflow steam engines, have to be dammed and Artificial lakes 
each pump being capable of raising 75,000,000 created which may serve as reservoirs. A 
gallons per day to a height of forty feet, thousand-acre lake was created in this 
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The World’s Greatest Aqueducts 


Aden’s Ancient Storage Tanks 

uiiinner ncros-, the v.tlley of the llivor 
\'yrinty, .i tri)mtar\ of the Severn, in order 
to supply water In Liveri)(tol, sixty-eifrht 
niil.e'i away. The nuking of the aqueduct in 
connection with thi> hchcnie is described in 
(’h-ipter XIV. Birniingham simUiuIv draws 
w ater from rchcrvoirs in the Welsh mountains, 
s-eventy-three mile-, distant. Manchester ts 
served by lakes in the Lake Uistriet — notably 


Thirlmere — through a pqie-line ninety-six 
miles in length. 

In contrast to the modernity of most great 
water supply schemes is that of the port of 
Aden, the British possession at tho mouth of 
the Red Sea. Here, gigantic stone storage 
tanks A\ inch date back to the days of Solomon 
are still used and serve a town which often 
knows no rain the year tlirough. 

The story of the first adequate municipal 
tvater supply for the French port of Mar- 
seilles reads like a romance. Up to the 18th 


century the meagre supply wa.s poUiited and 
often led to terrible outbreaks of plague. 
After a ])articularly bad outbreak, a poor 
yontli named Guyon determined to remedy 
tliN state of affaii’s. Collecting horso-shoe 
iiail.s and dealing in rags and rubbish, he 
laid the foundations of an inimcn.se fortune, 
in the process of amassing wliich he became 
the best -hated miser in the town. To 
everyone’s surjirise, at his 
death ho bequeathed his 
fortune — which he had 
hoarded solely to this end 
— ^for tho construction of a 
great water-supply schomo. 

Between Mundaring ami 
Kalgoorlie, in Western 
Australia, has boon laid 
agreat aqueduct tliat bears 
comparison with those of 
the western world. The 
pipe-line is 361 miles long 
and, traversing country 
wdiieh is almost desert, con- 
tains a month’s supply of 
water for the goldfield to wn . 
A series of pumping -si a tions 
is arranged along tho run 
of tho pipe-line, at inter- 
vals of a score or so miles. 

But soon tho Mundaring- 
Kalgoorlie aqueduct will 
rank second to a gigantic 
scheme now in course of 
construction across tho 
deserts and mountains of 
Southern California. 
Although tho actual 
channel will bo 110 miles 
shorter than its Australian 
rival, it will supply thirteen 
great cities through 144 
miles of distribution mains 
with the colossal daily flow 
of a million million gallons 
of wator. The source of 
, fuiJply is tho Colorado 
Kivor, and the intake w'ill bo from an onor- 
mmu3 reservoir created by tho Parker Dam, 
ISO miles below Boulder Dam. Jt’rom here, the 
aqueduct will traverse desert and mountains, 
piercing the latter by tv'cnty-nino tunnels, 
each sixteen feet in diameter, and luiving a 
total length of niiioty-one miles. 

The two longest timnels~tho East 
Coachella of eighteen miles and ihe San 
Jaemto of thirteen miles— would have taken 
years too long by the ordinary method of 
bormg from both ends simultaneously. The 
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Wonders of the Earth’s Caverns 


engineers therefore decided to bore not onlj' 
from both ends but from the top and sides l.s 
■well, so that at the moment the tumielling is 
going on simultaneously from eight different 
points. At five places along the projected 
pi^-line, elaborate pumping machinery is 
being installed. ?or the first 130 miles the 
■tvater -vrill be raised 1,537 feet by means of 
these pumps, and at the fifth station it mil 
be forced up <140 feet almost verticall}^ 


Tuo yeans Avere spent in survej*ing before 
work could be .started; then came the making 
of hundreds of mile.s of road to link up the 
thirty-one construction camps, where 4.400 
men are at present labouring on the scheme. 
The ninety-one miles of tunnel are being 
excavated at the rate of three and a halt 
miles per month, and the world’s greate.st 
aqueduct is expected to be completed 
within six years. 


CHAFTER XIII 

WONDER AND BEAUTY OF THE EARTH'S CAVERNS 


1^ ORE than the mountain and the Avater- 
faU the cave is and has been a place of 
aAve and terror; less a thing of beauty and 
delight. But tMs does not preA^ent some of 
the eaves from being trulj' regarded as 
wonders of the w'orld — marvels created by one 
or other of the strange and fearful promscs 
that haA'e built up the univor.se of to-day. 

According to their method of formation 
caves can be divided into several groups. 
One consists of the sea cave, seen so often 
on rocky coasts; they have been produced 
by the action of the AA’aves, AAliich have 
gradually forced a hole in the cliff by dashing 
sand or gravel against it. This is most 
easily done when lines of fracture and 
fissures exist in the rocks. 

Natural Cave-forming Agents 

The air plays an important part in this 
process. The prcssiwe of the oncoming 
Avater drh'es this hito CA'ery creAdee of the 
rock and when the AA’aves fall back it suddenly 
expands and dislodges fragments, thus 
enlarging the aperture. This accounts for 
the fact that oaves of the kind often extend 
far beyond the limits reached by the Avaves, 
and may even turn upAA'ards and reach Ibo 
surface of the land some little AA’ay inland. 
The openings AA’hich are formed in those cases 
are the hloAV holes that are so frequently 
seen on rocky shores. 

But more caA’es, including the most famous 
of all, have been produced in another Avay. 
The AA’aler of streams and underground 
rivers has dissolved the rook around them 
and so formed caverns and grottoes. This 
is especially the case in limestone areas. 
Sometimes rivers AAill floAV entirely under- 
ground through a succession of caverns, 
often adorned Avith mugnifioent and beauti- 
ful stalactites and stalagmites. 

Lava caves are duo to the escape of the 


central part of a laA-a flow at a period when 
the surface had coalesced to form a hard 
crust, leaving the ulterior still liquid. Earth 
caves are found in inland cliffs Avliere there 
are alternate hard and .soft beds of rock; 
the softer layer.s are eaten aAAay by the 
action of frost and isaiu, leaving the harder 
one.s untouched around them. 

ilany oaves have been improved by men, 
numbers of Avhom made their homes therein 
in the early stages of civulization. From 
the practice of enlarging and improving 
caves, it is not a far cry to that of making 
them, especially Avhen the earth formations 
are suitable. There are examples of arti- 
ficial caves at Elephanta, in India, in 
Asia Minor, and in North Africa, In parts 
of France, Spain and Hungary aa'c can still 
see rlAAelluigs of AAhich all except the front 
is a cave. Some of these AA'cre caA'es before 
they^ Avere utilized as houses, but others 
liaA’e been dug out for the purpose. Arthur 
Young in his ‘’TraA-els in France” describes 
some coves he saAv near Tours: ’’Where the 
chalk hills adA’ance perpendicularly tOAvards 
the riA’er they present a most singular 
spectacle of uncommon habitations, for a 
great number of houses are cut out of the 
AA'hite rock, fronted Avith masonry, and holes 
cut for chimneys, so that you sometimes 
know not Avheio the house is from which you 
see the smoke issuing.” 

Caves as Dwelling-places 

The use of eaves as homes and places of 
refuge, for Aviiich they are particularly Avell 
suited, goes back to A'ery early times and has 
fomicl a place in legend and mythology as 
Avell as in history. Homer relates hoAV, on 
his long voyage homeAA'ard, Ulysses and 
his companions sought refuge in the cars 
on the SioUian shore Avhere the one-eyed 
giant Polyphemus lived; and how the 
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What Caves Teach Us 


vivors, after he had made his meal off several 
of their colleagues, escaped o-vving to the 
cunuins» of the v-ily Ulysses. 

Many of the characters in the fairy stories 
of all lands lived in caves and some of these 
■were regarded as the abodes of evil spirits. 
The early Roman.s believed that the sibyls 
and the nymjiha dwelt in caves, and some of 
the latter were made into temples for the 
worship of the gods. Temples of this kind 
still exist in India. Probably the gi'eatest 
of thc.se is the Buddhist cave temple at 
ICarli in the south of the country. Aladdin 
was sent hy the magician into a treasiu’c 
cave: the Seven Sleepers of Ephesus slum- 
bered in a cave, and it was in caves that the 
great medieval empeior, Frederick I, and the 
Spanish hero Boabdil were supposed to be 
aleejiini' until tlic time came when they would 
awake to deliver their lands from tyrants. 
Boabdil was believed to be in a cave in 
Granada and Frederick Barbarossa in one on 
the Kjdfhauser Mountain in Thuringia. 

Of the use of caves as refuges and burial 
places there are also many examples. In 
England there are caves bearmg the name 
of Robin Hood, and King David took 
refuge from his enemies in the oave of 
Adullnm. Caesar relates how, during his 
war in Gaul, the Aquitani fled from him and 
took shelter m the cavns of Auvergne; in 
Africa, David Livingstone found whole tribes 
living in caves Avith their cattle and other 
bolongmgs. Abraham was buried in the 
cave of Machpelah, and the catacombs of 
Rome were used as cemeteries. 

Caves have been much employed by 
smugglers, and dark and romantic stories are 
told of many of those around the coasts of the 
British Isles, as weU as in other countries. 

'Treasure Houses of Anthropological Lor e 

The careful examination of caves during 
the past century or so has brought to light 
an immense amount of information about 
the life and habits of early man, and has 
proved beyond any doubt that vast numbers 
made their homo in caves. In faot, it is 
iwobable that for thousands of years the cave- 
men formed a very large proportion of the 
population of the world. The remains found 
ill caves, carefully examined by scholars, 
yield evidence, too, of what primitive man 
ate and drank; what were his weapons, 
his companions, his ornaments and his burial 
customs. Hot only so, but the caves have 
given much information about life on the 
earth before the arrival of Man— about the 
order in which the imrious animals appeared, 


and much other matter for the naturalist 
and the geologist as well ns for the antlno- 
pologist. Three examples may bo given. 

In 1810 the cave of Gailonrouth iii Ifran- 
conia, now part of Bavaria, was explored. 
The bones of the animals which it contained 
were examined hy the groat Fi’ench naturalist. 
Cuvier, and some of the skulls were found 
to have belonged to the grizzly boar. Tlie.se 
were associated with the hones of the rein- 
deer, lion, wolf, fox, stag, hyena, horse 
and bison, as well as with those of the great 
cave-bear. The discoveries were particu- 
larly valuable because they proved that the 
animals whose bones were found had in 
ancient times lived in Germany. 

In 1820 the naturalist, Frank T. Bucklaiiil, 
explored a oave at Kirkdalo in Yorkshire. 
The finds there proved that it had been tho 
home of hyenas, as evidently the broken and 
gnawed bones of the mammoth, rhinoeoros, 
stag, bison and horse that were found Ihero 
were from carcasses whoso fragments had been 
dragged in by the hyenas to servo for food. 
Buckland stated that all theso animals liad 
lived in Yorkshire, for it was im])ossiblo for 
the carcasses of the rhinoceros and mammoth 
to have floated there from tropical regions. 

Discoveries in Kent’s Hole, Torquay 

Somewhat later Kent’s Hole, near Torquay, 
was exqilored with more important results. 
There flint implements of a vory oarly typo 
were discovered in intimate associiitiou with 
tho bones of extinct animals, thus showing 
that man lived in England at tho same time 
as these animals. Three distinct jieriods of 
human life are represented in this cave. In 
the lowest layer the remains of boars and 
flint implements of a rude ty])o wore found. 
Above this is a layer of rod earth that con- 
tained bones of the hyena, mammoth, lion, 
rhinoceros and other animals, in association 
with flint implements and an engi-aved 
antler. In tho top laj’er of earth woro 
^icles that proved tho cave was in use dur- 
ing tho neolithic, bronze and iron agos ; sumo 
of these finds are pieces of Roman jjottory. 

The earliest decorative art is found in 
caves. There are persons living who can 
remember tho interest that avus aroused 
when a Spaniard, quite by acoident, dis- 
covered some wall paintmgs in a cave at 
Altai^a. Regarded as the earliest wall 
paintings in the world, those evidently do])iot 
hunting scenes. Similar paintings have boon 
found in caves in Franco, whore bisons, 
remdeor, mammoths, bears and even horses 
are represented. Tho outlines wero ilmwn 
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Mammoth Cave of Kentucky 


fii'st and colour was afterwards filled in; 
l)rown and red ochre and black oxide of 
manganese were used for the purpose. 

Engraving, another form of art, was 
practised by these primitive men. In some 
of the J^encli caves figures engraved on 
antlers have been found. These have been 
described by the foremost authority on caves 
and cave-men, Sir W. Boyd Dawkins, who, 
after mentioning the contents of the refuse 
heaps, says: “The most remarkable remains 
left behind in these refuse heaps are the 
sculptured reindeer antlers and figures en- 
graved on fragments of schist and on ivory. 


A well-defined outline of an ox stands out 
boldly from one piece of antler; a second 
represents a reindeer kneeling down in an 
easy attitude with his head thrown up in 
the air so that the antlers rest on the shoulders 
and tho back forms an even surface for a 
handle, which is too small to be grasped by 
an ordinary European hand; in a third a 
man stands close to a horse’s head, and on 
the other side of the same cylinder -are two 
heads of bisons drawn with sufficient clear- 
ness to ensure recognition by anyone who 
has ever seen that animal. On a fourth 
the natural curvature of one of the tines or 
prongs has been taken advantage of by the 


artist to engrave the head and the charac- 
teristic re-curved horns of the ibe.x; and on a 
fifth horses are represented with large heads 
upright, dishevelled manes and sliaggy, 
ungroomed tails. 

“The most striking figiu'e is that of a 
mammoth engraved on a fragment of its 
own tusk; tho special curvature of the tusks 
and the long mane, which are not now to he 
found in any living elephant, prove that the 
original was familiar to the eye of the artist. 
These drawings probably emploj'ed the idle 
hours of the hunter and hand down to us 
scenes which he witnessed in the chase.” 


Before describing some of the eaves we may 
give Sir W. Boyd Dawkins’s summary of the 
cave-men living in Europe. “They lived 
by hunting and fishing, they were fiire users 
and lit up the darkness of the caves with 
stone lamps filled with fat. They were clad 
in skins sewn together with sinews of rein- 
deer, or strips of intestines.” 

Of the thousands of caves that exist all 
over the world, only a few can possibly bo 
mentioned here, but there is one, the 
Mammoth Cave of Kentucky m the United 
States, that no account can omit. This is 
85 miles from Louisville, and steamers go 
to it along the Green Biver which passes 
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The Bottomless Pit 


near its mouth. It was discovorod before 
ISOO The cave is in reality a complicatcfl 
series of more than 200 divisions, called 
rooms, domes, pits, galleries, grottoes or 
avenues. In some of the lower ones there 
are rivers, lakes and cataracts, 

It is entered through a natural aroh witb 
a span of seventy feet and from a ledge 
above it a cascade falls fes- fifty-fivo feet to 
the rocks below and 
then disappears. The 
main cave contains 
several rooms, known 
as the Rotunda, the 
Star Chamber, the 


pits v/itli some Hiio wialugmif cs (ind slalac- 
tiU's and soiiio very l)(>!iiitil'ul ilt'coralions 
on tiin waits. llov('y'H Donii's nre at fhc 
end of the eavo farllK'.st IVom i(.s entrance 
in one direction; in miioUkt direction ike 
end is murkod by an nwosonu'pit llial, has 
been called tho Matdwtroin. 

At ono time visit oi-u could ^o no farther 
than the BottoTuIc'ss Pit., as it is called, 
and even th\is far 
tlicn^ was a cortahi 
amount of danger. 
Hut, later a wooden 
bridge was ])hiuc(l 
at'i'oss t,lio chasm and 



crystals, in which the cave is very rich in- 
deed, Stalagmites and stalactites abound 
in the Gothic Avenue, which, with Gorin’s 
Dome and the Mammoth Dome, is a feature 
of the cave, but there are many other rooms 
in tins respect, only a little leas notable. 

Of these passages Cleveland Avcaiue is 
two miles long, and Stileman’s — which is in 
places 200 feet wide — is only a little shorter, 
Ilovej^’s Cathedral Domes, discovered only 
in 1907, are five domes each about .sixty 
feet in diameter opening into each other 
by tall gateways. In 1908 another part of 
the cave was discovered. This was called 
the Violet City, and in it are eleven enormous 


and autumn, and a voyag<» along thorn 
in a iniu’vell()u.s cxpcricnci'. 'Plio first 
approach is called tho Doatl Hoa, around 
which aro higli oUITh. 'I'hcn' a pathway 
has boon made and a Htairca.si' Icfids down 
to tho banks of tho rivor Styx, a body 
of water forty feet long crossed i)y a natural 
bridge. Next eonios Hut lako (‘ulh'd betho, 
from which n beach of yellow siind exloncls 
to tho Eolio River. This .si, roam is the 
largo, st of all; it is about. thrce-(iuart,()rs of 
a mile long, and its greatest bivacllli is 
about 200 feet. 

In this reaiou are tho famous oehoo,s wliieii 
are a feature of this eavo. Tho arohod 




Harmonious Echoes [ 185 ] Wyandotte Cave 


pns'.age \etiies in hniaht 1)otweeii twentv and 
thirty-five feet, and tlio voice can ucate an 
harmoniou'5 prolonaation of sound for an 
cxtieinc period of thiity sevonds alter the 
original tone has been gi\en out The long 
vault has a certain kejnote of its osvn which, 
w hen firmly struck, arouses harraonies, some 
of tliem being of great depth and sweetness. 

Fornierlj there weie two routes by w’hich 


The Manimofh r.iie is famous foi its 
animal life The blind fishes tlial swim m 
its wateih have hwn used In scientists and 
moralists, though from diveigeiit points of 
Mew, as exdiniiles ot how a faculty can 
decay for want of use Next in iraportaiiee 
to these are the niillious of hats tliat inhabit 
the outer galleiies, and the insects m tlie 
cave have attracted the attention of the 


Vutfig Gallaxoay , JV V 

A fairy cave come to life — one of the beautiful ** rooms '* in the Carlsbad C!aveni» Nefw Mezlco« 750 ft. below the surface 

of the earth 

visitors could see the caves: the long one entomologist. In one of the caves mummies, 
taking about twelve hours and the short one said to belong to a race that lived here before 
taking about four. There are now four the Indians came, have been found, and 
routes, arranged for the ooiivemence of those Chief Hall owes its name to the fact that heie 
who wish to inspect these wonderful sub- the Indian chiefs held their councils 
teiranean cellars The first takes one past The claim to be the largest cave in the 
the Echo River and through the Mammoth world has been made for the Wyandotte in 
Dome and the River Hall. The seoond the state of Indiana, which was used in 1812 
mcliides the Rotunda, the Star Chamber, as a saltpetre factory. It has only been 
the Bridal Altar — where many wedduigs have partly explored, but its. known passages 
taken place — and the PiUars of Hercules, extend to twenty-three miles .and 144 places 
The third includes the Violet City, the have been named. Chief features mclude 
Marble Temple, and the Chief City. On tho Pillar of the Constitution, a stalagmite 
the fourth route are Cleveland Avenue, column, seventy-one feet in circumference. 
Florists’ Garden, the Valley of Flowers and an immense room called Rothrook’s Cathe- 
the Maelstrom. dral; the Pillared Palace, and MUroy's 




Wonderful Luray Cavern [ 186 ] Caverns and Grottoes of Europe 


Temple. The cathedral is 1,000 feet in cir- 
cumferenee and both it and the tenijde, 
loo feet vide and 150 feet long, possess an 
unrivalled array of twisted stalactites — 
‘■helietites’’ as they are called. 

Ah this cave has no large .streams and few 
pools or sjirings, its fauna and flora are not 
very extensive. Formerly beans, wolves 
and other wild animals took refuge in its 
fastnehset: and hats, mice, rats and sala- 
manders are frequently seen. Blind craw- 
fish have been found and there are many 
crickot.s. As in many other caves, remains 
of early man belonging to the Stone Age 
have been discovered. 

The Luray Cavern 

The Lmay cavern in Virginia is another 
wonder of the world. Its stalagmites are 
as fine as those in any part of the globe, one 
being a column thirl j'-fivo feet high and 
elaboi'ntely di'ajied. In the Giant Hall are 
.several, each over fifty feet in length. But 
even more rcmarliahle are the so-called 
cascades in this cavern. They resemble 
foaming cataracts that have been caught 
in mid-air and transformed into white or 
amber-coloured alabaster. The finest of 
them all is forty feet high and fifty feet wide; 
it is pure white and each ripple appears 
to have been polished. The Swords of the 
Titans are eight huge blades, each fifty 
feet long, but drawn do'wn to a very fine 
edge. When sti-uck heavily with the hand 
they fill the cavern with sounds lilve the 
tolling of hells. They are formed from 
carbonates trickling down a sloping and 
corrugated surface. 

The Carlsbad cavern in New Mexico is 
another of the outstanding caverns in the 
United States; but there are many more, 
all equally -wonderful, and thousands and 
thousands only a little less remarkable. 
But we must go on to deal with the caverns 
in Europe. 

Almost every country in Europe has its 
caves. Those of Altamira in Spain have 
already been mentioned, and there are 
many in the Pyrenees. The limestone soil 
of France has many caves and some of these 
have yielded information that has helped 
enormously to build up tho science of an- 
thro]! )iogy. The oaves of Perigorcl are famous 
in this respect, and many British soldiers 
will remember the shelter given by the 
oaves or cellai's of Arras, used in normal 
times as wine vaults. 

Of the European caves it is necessary to 
make a selection and fo-ur have been chosen 


for brief description, although it is well to 
leinomber there are many others equally 
beautiful and equally worthy of attention. 
The four to be dealt with here are the Blue 
Grotto of Capri, the Grottoes of Han in 
Belgium, and two groups less well known, at 
least to English travellers, the Domica and 
Macocha in Ozoohoalovakia. 

Beauties of the 'Blue Grotto 

The Italian island of Capri has many 
cave.s around its coasts and one of these is 
that called tho Blue Grotto. Into this the 
■visitor is taken in a boat and, while being 
l»ropelled along the waterway, he can admire 
the wonderful blue of the waters, in which 
are reflected the myriad figures that Nature 
has fashioned on tho roof and walls of the 
cave. Though small compared with the 
American caverns it presents a scene of won- 
drous beauty. It was known to tho Romans, 
but was then lost to sight for centuries 
until again discovered in 1826. Near it is a 
cavern in winch the light is green instead 
of blue. Tho cause of this jdionoinonon is 
that the light enters by a small opening 
and is refracted to give a dillcront colour 
— blue in one case and green in tho other. 

Tho Grottoes of Han, with which the 
neighbouring ones of Rochefort may be men- 
tioned, are in Belgium in the beautiful region 
of the Ardennes, not far from Dinaut and 
the Meuse. The Han grottoes comsist of im- 
mense halls with roofs so Jiigh that the human 
eye can scarcely see tlioiu; for instance, 
that of the Dome Hall is 430 foot from tho 
ground. Waterooursos run through tho caves 
and, as in many others, tho -visit is mado 
partly in boats. Tho Hall of tho Peaks is 
another of the grottoes, in all of which aro 
accretions that Nature has made in such 
dazzling variety and sidendour. Tho caverns 
are lit by electric light. 

At Rochefort tho grottoes are somewhat 
different. Hero the caverns go deep down 
into tho bowels of the earth. Their most 
notable feature is tho Grand Hall of tho 
Sabbath, with vertical walls rising to an 
immense height. Those are illumined for tho 
benefit of visitors by a liroball sent u]) by 
the guide. Another of the Rochefo el grottoes 
is called the Palace of Bagdad. 

In Moldavia, now part of the republic) of 
Czechoslovakia, there exists a seibterranoan 
wbrld full of underground lakes and secret 
passages, magnificent halls and other rooms, 
all decorated with stalactites and stalagmites 
of a thousand wonderful shapes. It is a 
mysterious world into which rivers dis > 



Unexplored Caves at Chislehurst [ 191 ] Wonderful Caves of Stalla 



Courltsi of tie New Zealand Govt. 


In the Waltomo Caves, New Zealand, Is one of the most remarkable sights in the world. Covering the roof and walls 
of a grotto, which is traversed by boat, are thousands of glimmering glow-worms which give the cave the appearance 
of being Illuminated by pale blue fire. A fbrther peculiarity of the grotto Is the number of slender silken threads 

lowered by the glow-worms to entrap Insects 


middle of the 19th century this was explored 
hy Sir W. Boyd Dawkins, and in it were 
('ound the bones not only of the hyena but 
ilso of the Irish elk, the great cave-hear, 
the lion and the woolly rhinoceros, as well 
as of a host of other creatures that roamed 
the land 40,000 or so years ago. From a 
study of the relics of man and heasl, found 
in layers beneath the cave floor, the story 
of man’s fight for life against his savage 
enemies has been reconstructed. 

Caves used as a Store far Munitions 

There ore many other caves in various 
parts of England. For instance, the city of 
Nottingham possesses a number, but there 
is little to say of them. Under Chislehurst 
Common in Kent is a great network of caves 
extending for miles and even now not fully 
explored. During the Great War they were 
used as storehouses for ammunition, and 
afterwards were found suitable for the 
growing of mushrooms. 

It would be indeed surprising if the rocky 
western shores of Scotland, with their hun- 


dreds of islands and islets, could not show 
something remarkable in the way of caves. In 
1772 Sir Jos^h Banks discovered Fingal’s 
Cave. On the southern side of the island of 
Stafia, it is 227 feet long and sixty-six teot 
high. It is famous for its pillars, and from 
the rocks hang crimson, white and yellow 
stalactites. The sea forms the floor, and its 
murmur caused the inhabitants to call the 
cave by a poetical Gaelic name meaning the 
cave of music. 

In suitable atmospheric conditions the 
cave’s beauty is unique. Tbe play of colour 
is exquisite, as the basalt combines every 
tint of warm red, brown and rich maroon; 
seaweeds and lichen paint tbe cave green 
and gold; while the lime that has filtered 
throxtgh has crusted the pillars here and there 
and tinted them pure white. Other caverns 
on Stafia are the Scallop or Clamshell, 130 
feet long, on the south-east side of the island, 
and Boat and Cormorants’ caves. 

In our review of nature’s underground 
wonders we now cross to the other side of the 
world; Australia and New Zealand possess 
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>s()mo remarkable caves. Noith Island, New 
Zealand, i)ossc&ses a wonderful group called 
after Waitoino, a settlement near them. 
Nh&t explored in 1879, they consist of a 
series of lofty chambers in the heart of a 
wooded hill and are traversed by an nnder- 
giound river. They have two entrances, 
one where the river goes into the caves and 
the other in the mid<lle of a thicket on the 
hillside. 

Waiiomo " Cathedral " 

Of the .separate caves the one called the 
iSoiilptor’s Studio has .statuary, figures and 
bu.sts worked in the most delicate tints 
and tracery; while pillars of pure white 
‘•upport the roofs and corridors. Stalagmites 
and .stalactites abound. The cave called 
Waitonio Cathedral lias a massive dome and 
is noted lor its aeou.stio properties; in it the 
five orders of arehitectiu'e can bo traced, 
and in another cave, the Organ Loft, there 
is in the lime.stone a figure very Uke an 
organ. 

The finest of these caves, houever, is that 
called the Glow-worm Grotto, which is 
without a rival, it is said, anywhere, and has 
been called the eighth wonder of the world. 
To see it, as at Capri, the visitor must take a 
boat, which is piloted along an underground 
river by means of vires suspended from the 
walls. Above is a scene, not unlilce the Milky 
Way hi the heavens, hut much closer and in 
its way more remarkable. It is formed 
by myriads of tiny glow-worms which are 
attached to the roof and walls of the cave. 
Another cave is called the Blanltet Chamber, 
because the artificial light with which the 
eaves arc fitted reveals a formation that 
could easily be mistaken for a gigantic 
hanguig blanket. 

Two other groups of New Zealand caves 
may be mentioned. The Euakuri Caves, 
explored early in the 20th century, are 
larger than the Waitomo. Their halls and 
chambers are connected by winding corridors 
adorned with beautiful stalactites and stalag- 
mites. Porhaj)s their most remarkable 
feature is the hidden waterfall, the echoes of 
which reverberate through the caverns as it 
thunders on its way bebbid an impenetrable 
wall of rock. The formations here are, in 
many cases, almost perfect replicas of 
articles kno\vu to the outside world. For 
instance, the aeries called the Bride’s Jewels, 
as they scintillate and flash under the rays 
of the electric light, seem to possess all the 
attributes of the real thing. The Bridal 
Cake is another remarkable formation. 


The Aranui Caves were discovered in 1 
The entrance is situated in a bold oiitcro 
limestone almoiit opposite Euakuri, air 
completely hidden hi luxuriant bush thrr 
which a .steep pathway has been cut. Pe 
through a narrow portal, the visitor c 
a lofty hallway hung with stalactites, 
few yards farther on do.scends by a stf 
into a spaeions chamber surrounded by Ui 
strikuig formations. As in the other caves, 
Aranni appears to prcaont a replica of ahnost 
every imaginable formation; and, aided by 
beautiful hgliting effects, these are displayed 
to the fullest advantage. Tho Fairy Walk, 
Crystal Block, and Temiile of Peace are a 
few of the outstanding features. 

Some of the stalactites are of great size, 
and must represent ages of slow building up, 
drop by drop, from the dimly-seen roof 
overhead. In the Crystal Palace there are 
stalagmites up to twelve foot high and 
seventeen feet six inches in diameter at tho 
base. Arches and balconies are thaped hi 
delicate-hued stalaetite.s, while others form 
transparent partitions, flung into dazzling 
prominence by concealed lights. While 
shawls and blankets, which ajipcar only 
singly in the other caves, are found here in 
profusion, the markings and oolour effects 
being almost fault]e.s3. Figures representing 
statuary in an ahnost lifeb’ke mnmior aro 
to be seen on all sides. Summed up, tho 
attractions of these wonderful caves of New 
Zealand have been described as: Euakuri 
for weirdness, Aranui for beauty, and 
Waitomo for romance. 

Nullarbor Plain '' ' 

In 1935 there were explored somo rema' 
able caves on the NuUarbor Plain, a trool 
waste covering 30,000 square mfios m Soi 
Australia and" crossed by the main railv 
line running between Perth and Adelaic 
It was known that soinothing of the kii 
existed and spasmodic efforts had boon mac 
to pierce their mysteries, but nothing ver 
important was done imtil the expodilion » 
of 1935. 

The exploring pai’ty went down by ladder 
into the Koonalda Cave, where they found an 
undergroimd chamber about 800 foot in 
oiroumferenoe. Passmg out of this they 
wallted over masses of rock for half a mile 
before reaching a small hole tljrough which 
they crawled to jSnd an enormous well, 
fifty feet in diameter, Tho hnprossion of an 
aboriginal foot was seen in the sand. The 
party went along for a further half-mile boforc 
they were checked by tho presence of water. 



■ Underground Waterway [ 193 ] Jenolan Caves 



Marvellous limestone formatlous ot fantastic shape and size in a newly-explored cave in the mountains at Jenolan, 

New South Wales 


’ Other oaves were explored, too. In one Another remarkable group are the Jenolan 
case a canoe was lowered down the face of Caves in the state of New South Wales, 
a cliff, eighty feet high, to a waterway along something over 100 miles from Sydney. Like 
which the party travelled. Soon they found many others they are in a limestone region, 
a great lalie, Uie water of which was more wliich contains several other groups almost 
than 200 feet deep. One of these caves has equal in interest. The stalactite formations 
at its entrance some red marks made origin- in the Jenolan caves are perhaps Hieir most 
ally hy outstretched fingers, but afterwards remarkable feature, many of them being 
maintained by red ochre. It is believed pure white and all being extremely beautiful, 
that long ago the aborigines of the region Something of their weird and fantastic charm 
used this cave for their secret rites. can be gathered from the picture on this page. 
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CHAPTER XrV 

HOW MAN DELVES INTO THE EARTH 


T here are many dangerous occupations 
that have to he carried on to endow us 
with the comtoits and necessities of life, but 
one of the nio-st perilous is coal-mining. In 
spite of legislation intended to protect the 
lives of the men who work the coal seams, 
i oal-mining is still — and always will he — an 
extremely hazardous undertaking. 

Coal, as ever j one knows, is composed of 
the renuiins of the plants and trees which, 
owing to subsidences in the earth’s surface, 
were buried. Long after, other forests grew 
over the gi’aves of the buried trees, and in 
the course of time these in turn died and 
became covered and another growth of 
vegetable life followed (see Feontispibce). 
The jiroce.ss may have occurred three, or 
four, or even manj’ more times, and the coal 
ue burn to-day represents the stored-up 
energy of the vegetable life of some previous 
age. The coal formed in each age lies in a 
layer by itself with shale and rock both 
beneath and over it; thou comes another 
layer of coal and another layer of shale or 
rock, and so on. 

It is generally believed that the Romans 
were the first in Britain to make use of coal, 
but their demands must have been very 
slight, and not until the 14th century was 
there any serious call for this fuel. The 
first efforts at mining it were to remove the 
top surface of earth covering the outcrop of 
a seam and to excavate the coal in much the 
same way that quarrying is carried out to- 
day. Later, shallow pits were sunk and 
widened out at the bottom to a cavity where 
miners hewed out the coal, which was then 
drawn to the surface in buckets. This type 
of excavation was called a “hell” or “bee- 
hive” pit. 

The Difficulties of Deep Shafts 

Surface working can only be carried on 
for a short while because the coal accessible 
is soon used up; and men sought a way of 
obtaining the more deeply buried and richer 
deposits. To attain their object deeper 
shafts Imd to be sunk, and nearly always the 
chief obstacle to working deep seams was 
vir, Underground streams were con- 
tiiiuttlly being encountered, and whenever a 
shaft was sunk a tunnel had to be dug from 
its bottom to the nearest valley so that the 
water could be drained away. Tbia method 


of mining and draining was utilized righl ^ i 
to the time of the Industrial Rovohifi;^' 
when the greater demand for coal to dri 
the steam engines in factorie.s led to m 
intensive mining. ( 

The early ISth century saw the u.sc ri 
gunpowder for blasting, thus enabling th 
coal to he won more rapidly, hut always 
water was the chief enemy and many mines 
had to he abandoned because ^he lower 
woikings became flooded. Then Newcomen’s 
pumping engine was invented and al 

last it was possible to get lid / mo water; 
many flooded workings were reopened, 
and newer and deeper shafts were ])egun. 

Perils that Beset the Coal Miner 

But the elimination of the water problem 
and the sinking of still deeper mines lu’ouglit 
with it another ijrohlem : that of ventilation. 
Man cannot work without a suflioient sujqdy 
of pure air, and many of the tunnels lead’ 
off the main shaft received insuflieioitii • 
enable the mmers to hreatho eomfortal 
Lighting, too, was a prohlom, for eaiui 
ignited the dangerous gas called fire-dan 
found in varying quantities in ovciy min 
Explosions and loss of life wore frequeni , an 
in the more dangerous mines iJio only “ ligh’ 
that could he used with any degreo of safcu, 
was provided by a notched whoc'l — eallec 
a steel mill — which produced a shower 
sparlcs. 

Then came the 19th century and with 
improvements, in methods and i’])])lianec 
that revolutionized the coal-mining induslry 
The two most important innovations were 
the introduction of the safety-lamp and the 
sinking of two shafts instead of one, 1’hc 
first made it possible for minei’s to work in 
comparative safety from oxjilosions, and Iho 
second allowed the mines to be veuiilaU'd 
and made them loss lilto clealh-traps. By 
an Act of 1887 the second shaft was made 
compulsory. 

Fire-damp or marsh gas is stilt a menace. 
Nearly all the terrible disasters that have 
occurred in coal mines have been duo to 
this gas coming in contact with a ataked 
light, and in tho 18th and oarly 1911) 
centuries it was anall-too-frcquent ocourrcnco 
for explosions and death to result from its 
presence in the mines . Dr . Clauny introduced 
a safety-lamp in 1813; George Stephenson 
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anti vSir Hiimphrj Davy iiidcpoudently in- 
vented safety- lamps: anil Clanny liiter 
liriiuj^ht out one on Davy's principle, sub- 
stituting, however, a glass cj'liniler at the 
lower part for the trauze in the original type. 
The fine wire gauze conducts the heat away 
too rapidly for flame to pass through, 
although gas will i)aas into the lamp and 
burn there arountl its flame. The safety- 
lamps of to-day are modellerl usually on 
those of Clanny, Davy or Stephenson. 

How Coal is Located 

Thouiih it may bo known where coal is 
lying, perha])s a few hundred feet below the 
surface, the mining engineer has to find ont 
many other 1hing.s before he can begin 
to win the coal. He must discover how far 
down the scnnis are, how’ thick they arc, 
at what angle they run in relation to the 
slurfaee, and what ia the nature of the ati’ata 
above and between the coal seams. To 
obtain these facts he bores a hole a few’ 
inches in diameter deep dow-ir into the earth, 
and the core out out and brought up bj’ 
the drills tells him w’hat he needs to know. 

After that, the first stages of developing 
the coal mine begin, w'ith the sinking of tw’o 
deep shafts, generally oircnlar in section and 
about twenty-five feet in diameter. These 
two shafts are called the “down-take ” and tlie 
“up-tako," because fresh air passes down the 
former, ventilates the mine, and is drawn 
away by means of a fan through the up-take. 
At the bottom of the latter shaft is a w’atcr- 
pump, used to tlrain w’ater nw’ay from the 
mine and pump it tlu’ough a pipe rising 
through the up-take to the surface. 

The fir.st stage of siuking a shaft is simple, 
since to a depth of about twelve feet the 
top surface can be removed by hand. After 
that depth has been reached it becomes 
necessary to remove the soil by means of an 
overhead gear carrying a bucket, until at 
last solid rock is laid bare. There are a 
number of ways of sinldng a shaft below this 
level, for every tj-pe of strata is dealt with 
in a different way. If the strata is fairly 
dry it is drilled and blasted out by band, 
the shaft being liiied with wood cribs and 
later encased with brick. If the strata is very 
loose and carries with it a good deal of water, 
it may be sixbjected to a freezing process. 
A series of holes is drilled, outside the cir- 
cumference of the pit shaft, into which are 
inserted pipes which are all connected xip. A 
freezing mixture, such as ammonia, is then 
circulated through the pipes, thus freezing the 
W’ater in the strata and making it possible 


for (be material to be drilled away by hrmd 
and removed. This avoid.s the upces.sity of 
pumping aw’ay large volumes of water cc m- 
tiniiously. 

A third method, which also is employr d 
when dealing with water-bearing strata, is 
the pneumatic method. In this case a 
caisson is used, BUjipIied with compress -"d 
air, and the sinkers excavate inside > it. 
The water cannot enter the caisson bccai 
of the air within being at a relatively . 
pressure. In all cases, of course, tlie 
of the shaft mu.st be lined as the latter is 
sunk, otherw'isc they may cave in on tho 
workers. 

Tho bottom of the shaft, when it is 
reached, is widened out so that the main 
haulage roads can be set out. Wlicn these 
are completed it is possible to begin digging 
out, or “working,” tho coal. As a rulo (hat 
in the vicinitj’ of tho shaft ts left umvorkod, 
to form a support for the shaft ami tho 
buildings around it on the surface. 

The direction of tho main haulage roads in 
a coal mine is dependent on what is called 
the “dip” of tho mine — ^tliat is, tho angle 
which the coal-beds make with tho horizontal 
piano. Prom those main roads Iho minors 
burrow left and riglit, using picks and 
shovels, loading tlie coal into tubs which ore 
then transported to tho haulage road ; lionoo 
they are conveyed by means of trucks to the 
shaft, where they are carried to the surface 
in the cage. The latter is operated by moans 
of a powerful winding engine at tho pit-head. 

The haulage roads aro more substantially 
built than tho chambers containing tho 
coal-faces; they are very socuroly timbered 
and are often arched with brick and stone 
to prevent subsidences. From these main 
roads there load the headings where tho 
minors work, and smaller ])assagOH branch 
ofl from thc.se agam. 

Always as the miner delves deeper and 
deeper into tho coal soam he must take 
measures to support tho roof and sides of 
his burrow as he goes along. A delay in 
timbering may mean a collajise of tho roof, 
followed, if not by death, then by serious 
injiu-y. 

Shot-firing and Coal Cutting 

Tho miner’s life is one of constant danger. 
It must not be imaghied that all he does is 
to wield a pick and shovel. Actually most 
of his time is spent in drilling holes for firing 
“shots” to loosen tho coal. In working soft 
coal the minor may use a hand boring 
machine, but nowadays machino borers are 
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more often employed. Another modern tool 
used in coal potting is ilic ohain-ciitter; this 
cuts horizontallj' along the top of a coal 
seam, another machine cutting along the 
bottom. Iji this manner the coal is separated 
from the layers of rock above and below it. 
Holes are then drilled into the coal, charges 
of explosive being inserted and fired. If the 
chain-entter were not first employed the rock 
nould come away with the coal and would 
have to bo separated 
from it later. 

The borhig of shot 
holes is not so simple 
a task as it might 
ai)pear, and only a 
skilled worker knows 
in w'hat direction and 
to what depth he 
should make the hole. 

He must always fix his 
charge so that it will 
act in the weakest line. 

Explosives used in 
mhiing are made up 
in cartridges, weighing 
from three to five 
ounces, which are 

E ’led into the drilled 
with a wooden 
rod, a detonator being 
inserted in the neck of 
the topmost cartridge. 

The shots are fired by 
safety fuse or by elec- 
tricity. In the latter 
ease the detonator is 
fitted w ith short wires 
which are connected 
by a cable to an elec- 
trical machine at a 
distance. 

An old and danger- 
ous method of firing 
the charge was by means of what were called 
“squibs,” made by filling straws or paper 
cones with fine gunpowder. Touch iiaper, 
made by soaking ordinary paper in saltpetre, 
was also employed. It is not altogether sur- 
prising that this form of firing caused many 
accidents. Even to-day Ihe firing of charges 
may he fraught with danger if duo precau- 
tions are not taken — and oven when all the 
usual safety measures are adopted. Thus 
there may be some latent defect in the 
cartridge itself, and should the particular 
charge be one which has been pushed some 
distance into the bore, those at the outer 
end may explode while the defective one 
8 


merely remains in a state of dormancy. 
Then later, iierhaps, while the miners are 
getting away the coal, the defective charge 
may explode with disastrous resHlts. Lack 
of dxie care in ifiacing the charges may also 
load to similar trouble. Sometimes, though 
larelj^ the coal may get to the domestic fire- 
place still carrying within it a portion of the 
explosive, with dire results. 

Ho mine is a pleasant place in which to 


work, but the deeper the mine the greater 
is the discomfort due to the heat and 
the difficulty of adequate ventilation. The 
deepest mines in Britain are in the 
Lancashire coal-field, the Pendleton ColUery, 
for example, being worked 3,500 feet below 
the surface. In South Wales is to he found 
the largest coal area in Great Britain. It 
covers about 900 square miles, and the coal 
measmes are as deep as any in the world. 

The Cumberland coal mines are of partic- 
ular interest because they show the extent 
to which man will carry his determination in 
attaining a definite object. The coal seams 
at Whitehaven run right out under the sea 


Dcsplto all precautions, mine accidents stilt occur too frequently and highly-trained 
rescue squads are altrays ready for an emergency. Here a rescue uorker Is seen 
crawling through a narrow ventilation shaft 
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Mines that Run Beneath the Sea [ 1^8 ] 


— a perfect maze of workings, reached by 
horizontal roads oxtending two or three 
miles beneath the floor of the ocean. The 
roads are driven from several points at a 
depth of 600 to 900 feet. One of the most 
terrible of mine disasters occurred in 1837 at 
Workington, near Whitehaven, where the 
coal workings ran 1,500 yards under the sea. 
The seams inclmed upwards towards the sea 
and were worked to within 150 feet of the 
. .sea floor, A cliange of colliery managers led 


volcanoes. The depth of these funnels is 
unknown, but they go down very far and 
appear to have been filled up from below by 
volcanic mud. How diamonds are formed 
is still a mystery although it is known that 
they must be older than the rock in which 
they are found. 

The surface of the mines is covered with 
a few feet of red sand, beneath which is a 
thick layer of limastone, and below this again 
i.s the diamond-bearing rock. The latter is 
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Deivtitg Into the earth for the most precious metal; loading a truck with ore In a tunnel of the Kalgoprjle Gold Minos in 

Western Ahstmllo 


to the removal of some of the pillars support- 
ing the old workings, and although many 
protests were made still more pfilars were 
removed. Then late in November of that 
year the sea burst into the galleries: over 
forty lives were lost and the workings 
permanently submerged. The seams at 
Wliitehaven dip away from the floor of the 
sea and are therefore qiiite safe to be worked, 
the main difficulty . being that of ventilation. 

Diamond mines are vastly different in 
appearance from eoal mines. They ore 
Isi'ge, fuiuiels, QvaJ in: crbss-section, 

■ aie beliey^ ; tb be, :the praters of .bxtmot 


of two kinds, distinguished by the terms : 
“yellow ground” and “blue ground,” the 
former lying nearer the surface to a doijtli of 
about 50 feet and the latter being of unlcnown 
depth. 

Diamond miiies are opened up by re- 
moving the outer sirrface and leaving the 
blue ground uncovered. Then by means of 
galleries let into tlie ground the workers drill 
into the dianaond-beariiig rock and blast it 
aWay.; The blue; ground is then brought to 
the surface, where it is spread out on level 
stretphes of ground called ‘.'floors,” from, 
whioiibush and grass have lieen removed and . 


The “Big Hole” at Kimberley 
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which have J)een sniootherl by heavy rollers. 
These floors in the De Beers and Kimberley 
mines stretch for thousands of acies; over 
them, to a depth of about a foot, the blue 
ground is laid, and left theie for sun and 
rain to do its work in making it crumble. 
To hasten the process, the blue ground is 
harroweil by means of tractors, thus giving 
an agricultural aspect to the scene. 

The time leqtiiied for di^iiitegraf ion varies 
from about thiee to six nwmths, depending 


nulling it is the moral danger vhieh is chiefly 
prominent. The native w orkers cannot resist 
the temptation to smuggle diamonds out of 
the workings, but most of their devices for 
dohig this, original though they were, are 
now known. A faiourife method formorJ.\ 
was to sw allow the stone-,, and on one occasion 
no fewer than twenty -one diamonds were 
swallowed by a native. 

One of the greatest problems of modem 
times is how to deal with the vast increase 
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The famous at Kimberley, ^licre men dug for diamonds in the early days of the mining town, was 

abandoned over a quarter of a century ago. But Kimberley flourishes and with the rest of South Africa now furnishes 
the great bulk of the world *8 supply of the precious stones 


on the climatic conditions. When the pro- 
cess is completed the blue ground is loaded 
on to trucks which convey it to hoppers, 
where it is fed automatically into ro- 
vnlving cylinders which wash it thoroughly. 
l?rom the washing-machines the diamonds 
and heavy minerals which are left pass into a 
chute and are conveyed to a sortmg-machine 
fitted with screens by which the various sizes 
of diamonds are separated. 

"Wlienever explosives are used there is al- 
ways a danger to human life, but in diamond 


of trafifle m our cities. London faced the 
problem at the end of last century by 
creating the “tube" railways; and as the 
congestion above ground has become greater, 
more tubes have been built until now these 
underground arteries of passenger transport 
connect all the main pomts in London with 
the outer environs. 

The first of the London tubes was the City 
and South London, begun in 1886 and 
opened in 1890; it ran from King William 
Street, under the Thames to Stoofcwell. 
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Various extensions have been added from 
time to time until now it goes from Edgwarc 
to Morden. The "Twopenny Tube.” or 
Central London Railway, was opened in 
1900, running from the Banlt to Shepherd’s 
Bush. 

The building of a tube railway is a tre- 
mendous undertaking that involves groat 
engineering .skill. Of its difficulties and its 
dangers little is to be seen at the surface, 
however. The only noticeable feature at the 
shaft head is a wooden erection in the road 
withm which may be discerned a steam crane 
hauling up earth and depositing it in carts. 
Far below, the tunnel is being carved out by 
a rotary excavator or by an hydraulic ram 
called the Greathead Shield. The type of 
machine in use depends on the nature of the 
soil through which it has to make its way. 
The rotary excavator can only be used 
for clay and can cut through that type 
of earth at Just about twice the speed of 
the Greathead Shield. The latter, however, 
can make its way through, even the hardest 
soils. 

The survey and the preliminary calcula- 
tions are made and the working plans 
prepared. So accurate is the work that in a 
tunnel of half a mile there would be a permis- 
sible deviation of only IJ inches. Before 
tunnelling operations commence, a service 
shaft is sunk to the required depth at various 
points along the route and lined with cast- 
iron rings formed of segments bolted together. 
At the bottom of each a chamber is made to 
accommodate the driving shield. Several 
segmented rings to line the tunnel are placed 
in position and the shield adjusted so that it 
can get a good firm start from the last of 
them. The shield, which has a steel cutting- 
edge, is forced by water power into the soS; 
the earth, etc., finds its way out through a 
hole in the face of the shield and is shovelled 
away. As the shield moves forward another 
section of the tunnel lining is added behind it, 
and so on throughout its entire journey. 
Behind the walls and between each segment 
liquid cement is injected. 

The Severn Tunnel 

The tunnel under the Severn, roughly 
four and one-third miles long, was begun 
in 1873, by the usual methods for tliis type 
of work; a smaller tunnel called a heading 
was made, which afterwards was to be en- 
larged to the finished size. As the soil 
was dug out the roof and sides were 
timbered temporarily and a brick lining 
added. 


It was anticipated that a quantity of water 
would seep through the bricks, and as the 
tunnel was designed to slope downwards to 
(he middle of the river and up again on the 
other side, arrangements were made for 
draining at the midw'ay pomt. A shaft was 
sunk on the Monmouthshire side of the 
Severn and from i1i a small tunnel was driven 
iipwaids to the portion of the main tunnel 
that would require draining. Thus any water 
that found its way to the centre .section would 
flow down the small tunnel to the Monmouth- 
shire shaft, where it could bo pumped 
away. 

Drainage Difficulties 

Quite near the fir.st shaft a second one was 
sunk and another one on the Gloucester aide 
of the tunnel, both being lined with cast- 
iron plates. Work started from both aider 
of the Severn, and went on slowly but 
steadily for some years. In 1879, when the 
Monmouthshire heading was within 130 yards 
of the Gloucester heaffing, by some strange 
iiUBohance an underground water course 
broke in. Within twenty-four hours the 
whole of the workings were flooded and the 
task had to be abandoned for over a year. 
When the work was roooramonood it was 
necessary first to pump away the water from 
tJie headmgs, and after a number of attempts 
a diver got along the tunnel to close an iron 
door there. 

By sinking three new shafts and fitting 
newer and larger pumps the workings wore 
drained. The following year the Severn 
itself broke through and flooded the Uinnol, 
but by clever w'ork the leak was stopped; 
the water was again pumped out, and the 
excavation proceeded. In 1883, again, the 
underground water course found a way into 
the workings and a week later a tidal wave 
swept up the Severn estuary, flooded the 
surrounding country and extinguished the 
fires in the pumping station. Eighty-three 
men were trapped in the tunnel, but wore 
rescued in the nick of time. 

No further mishaps oeourred after this and 
the tunnel was completed in 1885; by the 
end of 1886 it was in use both for goods 
and passenger traffic, since when the Great 
Western Railway engines have thundered 
through it day and night on their journey 
from Loudon to Cardiff, It reduced by 
fifteen nules the distance between London 
and South Wales. 

One of the fihst sub-aqueous traffic tunnels 
was that under the Hudson River between 
New York and New Jersey, first projected 
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Boring London’s tubOs; Tbe Gresttiead Shield («oj|i) carvlnfi JU way tbrough the earth, to |l)e foliowed by the segment 
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in 1899 and eventually opened in 1927. The 
Holland tunnel ia really a double one, the 
North tunnel being 8,057 feet long and the 
South tunnel 8.371 feet, not including 
approach roads.. Under the river, the out- 
aide diameter of each tunnel is tuenty-nine 
feet MX inches, and the inside diameter three 
feet les-s. The width of the roadway is 
twenty feet, on either side of which is a foot- 
path; there is head room of thirteen feet 
six inches. The tunnels were excavated by 
means of shields similar to those already 


The Mersey tunnel, linking up Liverpool 
and Birkenhead, has a oross-seotional area of 
1,680 square feet; its total road length, in- 
cluding approaches, is 15,191 feet ; its external 
diameter is forty-six feet throe inches, and its 
internal diameter forty-four foot. The width 
of the roadway is thirty-six feet, and there is 
provision for two lines of fast motor-traffio 
down the centre with a line for slow tralfio on 
either side. 

With the exception of two short lengths, 
the entire tunnel is out through rock. Two 





jj <nTn about 1,200,000 tons of wok 

described, and were lined with cast-iron 
se^ents. 

Perhaps the most interesting feature of 
the tunnel, however, is the system of ventila- 
tion, made necessary by the fouling of the air 
by exhaust gases from petrol- and oil-engined 
vehicles. Hach tunnel is divided into seven 
sections and each section has three fan sets 
4 one exhaust, and one reserve 

The fans are capable of supplvina; 

3.760,000 cubic feet of fresh air ^ 
minute. ^ 


sha^ 200 feet deep were sunk on either side 
of the Mersey, and pilot headings iifteon feet 
by twelve feet were carried through from oaoh 
end. Tho main tunnel was then excavated by 
enlarging the pilot tunnel. Holes four feet 
deep were drilled into the rock, which was 
blasted away by gelignite. 

The tunnel is ventilated by means of a 
OTsn-air duct under the roadway. Six ven- 
tilation stations, equipped ivith thirty fans, 
pro^de an aggregate of two and a half 
million cubic feet of fresh air per minute. 
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Pialo Laiiri, Hern Courhiv of Smv I eiUrat 

The successful completioa of the St. Gottfaurd Tunnel In 1882 was a notable engineering frlnmpli over nimost insuperable 
dlfflcultlos. Entering the monntain side at Ooeschenen In the north, the railway emerges 9t miles farther on at Alrolo 


employed in tins work consUted of a nuraboi’ 
of drills j or perforators, worked by eom- 
preb&ed air. They were driven into the rock 
to a depth of about two feet six inebes 
when they were withdrawn, the holes were 
cleaned out and charged with gunpowder, 
and the rock disintegrated by blasting. B 5 ’' 
such methods w'as a tunnel cut right tlirough 
the heart of the Alps between h'ranco and 
Italy. 

The St. Gotthard Tunnel 

As far back as 1838, w’hen the first railway 
was constructed in Switzerland, it was 
proposed to connect the railroad with Italy, 
and the St. Gotthard route was one of those 
suggested. It was not, however, until 1872 
that work on the railway was begun. The 
tumiel on this route goes through the St. 
Gotthard Mountains, from Goeschenen, on 
the Rcuss, to the village of Airoio on tho banks 
of the Ticino. Its length is over nine and a 
quarter miles. The contract for this gigantic 
task was in the hands of one man. M. Louis 
Favre. The charge that broke through the 
rook separating the two sections of the 
tuimel was fired on February 29, 1880, and the 
two portions were found to meet exactly. 


It was in 1837 that the Mont Cenis tunnel 
was first mooted and pending the construc- 
tion of suitable maebinery for the great task 
it was begun with hand labour. Since its 
length was to be seven and a half miles, great 
care was necessary in working out the exact 
direction the tunnel was to take, for even a 
slight error in calculation might have meant 
that the two opijosite headings would not 
meet. As it turned out, however, when the 
junction was made the centre lines were only 
a few inches out of coincidence — a marvel 
of engineering. 

From 1867 to 1801 the excavating was done 
entirely by manual labour, and when in 1861 
the special machines were employed, there 
was continual trouble with them. I^ogress 
wa.s very slow, at an average of only eighteen 
inches per day — ^le.ss even than hand labour 
could accomplish. In the following year, 
however, the average rate of advance was 
increased to three feet nine inches per day. 
In the light of experience the machinery was 
improved; although after seven year.s’ work 
it was anticipated that the tunnel could not 
he finished until 1876, it was actually com- 
pleted in 1870, thirteen j'ears from the 
commencement. The Sommelier machines 
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Pavre did not live to see this happy day, 
for in 1870 he died of a]>oijlexy. 

The St. (jotthard is a wonderful feat of 
engineering, even in this age of wonders; in 
view of the comparatively primitive t3qje of 
tools used, the rapidity with which it was 
constructed is remarkable. The northern 
end is 3,638 feet above sea-level and the 
southein end 3,7n6 feet, but the centre of the 
tumiel is higher still, 3.786 feet, the track 
sloping down towards the two mouths. A 
great deal of difficulty was experienced owing 
to subterranean torrents being tapped and, 
at the southern end, for a whole year, the 
work had to be carried out in diatreasing 
conditions. Tlien in another part of the 
tunnel, owuig to the nature of the rocks, 
large masses weie displaced and threatened 
to cause serious obstructions. Heavy tim- 
bering was employed to prevent the fall of 
rook but it was found useless and was re- 
placed by solid stone. This again failed; so 
did a second vaulting of stone and a third, 
but eventually the difficulty was overcome 
and the tnmiel stands to-day as one of the 
engineering wonders of the world. 

Joinittg Switzerland and Italy 

The Simplon tunnel was begun in 1889 
and completed in 1905. It consists of two 
single-track tunnels fifty yards apart, con- 
nectedat intervals bytransversegalleiies. The 
total length of the tunnel is twelve and one- 
third miles, and like the St. Gotthard it slopes 
away from the centre towards either end — ^to 
Baffi at the Swiss mouth and to Iselli in Italy. 

In constructmg the Simplon tunnel one of 
the greatest difficulties was the great heat 
experienced at the centre. In order to 
reduce the temperatme so that it would he 
possible to carry out the work, two engines 
each of 200 horse-power were installed at 
either end, each driving a fan twelve and a 
quarter feet in diameter, which forced the air 
through a fourteen-inch pipe to the working- 
face. As the headings went deeper and 
deeper into the mountain, the pipe was 
extended along the top of the roof. Even then 
the temperature exceeded anticipation and ice- 
cold water had to he sprayed on the surface 
of the w orkings. The machines employed in 
excavating the Simplon wore invented by the 
eontraetor M. Brandt who, like M. Eavre of 
the St. Gotthard, died before he could see the 
completion of the enormous enterprise, 

^ter such stupendous tasks as the great 
railway tunnels we have described, it would 
seem a much simpler matter to drive an 
underground aqueduct, yet occasions have 


arisen when the latter undertaking has 
proved so difficult that those engaged on it 
have abandoned the project. In 1880 work 
was begun on a soheine to use the w'atcrs of 
of Vyrnwy, a tributary of the Severn rising 
in the mounlauis of North Central Wales, to 
supply the needs of Liverpool. With this 
end in view the Llanwyddyn valley was 
dammed to create a re mr voir capable of 
holding 12,131 million gallons. The aqueduct 
conveying the water is sixty-.soven miles long 
and a very small part of it — only 900 feet — 
was composed of tunnelling, yet the diffi- 
cullies in constructing this small section of 
the work held up the completion of the wdmlo 
scheme for nearly four years. 

The original plan had been to lay pipes in 
the bed of the Mersey, but the Parliamentary 
Committee concerned would not jrarrait this 
and, in consequence, it was decided to di’ivo 
a tunnel beneath the river. Owing to the 
loose nature of the river-bod it was necessary 
to carry the tunnel at a fair depth and shafts 
w'ere sunk to fifty feet, but the contractors 
had proceeded no more than fifty-seven feet 
in their boring when they gave up the tusk. 
Another contractor took over the work and 
drove the tunnel 182 feet from the Lancashire 
side, when he also abandoned it ; eventually 
the Liverpool Corporation engineer himsoif 
resumed the work and completed it satis- 
factorily. 

The whole cause of the trouble was the 
difficulty in keeping the water away trom 
the working face. The shield, encountering 
a water-logged mass of earth, was unable to 
make any headway and at one stage of the 
work it actually coUapsecl. Tho Corporntion 
engineer met with the same trouble but 
managed to overcome it, and to carry tho 
tunnel to completion. 

Other aqueducts are dealt with in Ohaiftors 
XII and XXXVI. 

Artesian Wells 

One needs only to dig a foot or two below 
the surface of tho soil to discover that the 
groiuid is soaked in moisture; but it may 
soem mysterious that while one may sink 
a well and get only a poor water supply, a 
boring not far distant may yield water in 
abundance. V7Iiether or not water will be 
tapped depends on the formation and nature 
of the underlying strata, and the engineer 
experienced in sinking wells knows where ho 
may reasonably expect to obtain a good 
water supply. It is common, too, for tho 
aid of a water diviner to he sought in 
locating underground water. 
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as clay. The basui 
itself s\as produced by 
a folding of the strata 
in long ages past, by 
which the edges of the 
layers were brought up 
to the surface. Over 
the claj' layer azeothers 
of 2)orous materials 
such as sand, gravel or 
chalk, alternating w ith 
non-i)orous layers of 
clay p.ncl so on. Sur- 
roimding the rim of 
this are elevations 
w here the porous layer 
is exjiosed. Rain fall- 
ing here finds its w'ay 
into the basin izntil it 
saturates it right up 
to its rim, being pre- 
vented from escaping 
by the impezvious clay 
beneath. Now if we 
drill a hole into the 
Ground until it enters 


Everyone is familiar 
with the wells found 
in rural districts, but 
although these prove 
useful they are often 
susiiect, for there is 
always the danger of 
the w ater becozning 
contaminated. The 
supply of w ater is fickle 
and uncertain and izi 
time of drought may 
fail altogether. In 
the artesian well, how- 
ever, znaii has found 
a w^ay of obtaining a 
purer supply and a 
greater volume of 
water. The artesian 
well will supply any- 
thing up to five million 
gallons of water a day, 
dcpendiizgonthesource 
it tajzs. The name is 
said to be derived from 
Artois, whore the first 
artesian wells were 
sunk. 

Far below the site 
on which London is 
built is a huge natural 
basin formed of an 
impermeablo soil such 



Driving tnnneZs to carry water: outlet end of the aqueduct connecting Docll Irsggaa 
irltSLocliTreigipaitofBbigliydro-electricacihemela Scotland, and (top) view, during 
constroctlon, of the 15-mUe Dochaber tunnel which carries the combined watere of the 
locba to the power-station at IPrt William 
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When Pumping is Necessary 


the water-soaked layer at the lower part 
of the basin, yio may expect the hole to 
fill up with water. Moreover, if the level of 
the ground where we sink our hole is lower 
than that at the rim of the hasin we 
may expect the water to spurt up into 
the air. 

This is exactly what happens when an 
artesian uell is sunk, and round London 
hundreds of them contribute millions of 
gallons a day to its water supply. The 
dcjith to winch such a bore must go depends 
on how far dowm these natural basins he 
Round London it is only necessary to bore 
to a depth of three or four hundred feet; but 
in some localities depths of one, tivo, three or 
four thousand feet may have to he reached 
before an abundant irater supply can 
be tapped. In Queensland, Australia, wells 
to a depth of about 5,000 feet have had to be 
bored. 

How an Artesian Well is Bored 

The method of sinking artesian wells varies 
a gi'eat deal. One process is similar to that 
adopted to discover the nature of the various 
strata before sinking a shaft for a coal mme. 
A diamond drill is used, and as fast as the 
hole is made it is lined with steel tubes until 
the chalk layer is reached. If the bore w’ero 
not lined, impurities from the softer soils 
through which it passes would seep into the 
water. 

Another boring system is called the per- 
cussion method. Here various kinds of 
tools are attached to long rods which work 
np and down with a reciprocating action, 



Drilling Into the earth for drinking-water. At Aulnay- 
sous-Bola, France, an Artesian Well has been sunk 
which reached a depth of 2,700 ft. before water was 
tapped. View of Qic workings and {bottom) watoi 
gushing from the well at a temperature of 93 degrees 
Fahrenheit, after 3 months' boilng 


pounding away the earth and 
other strata until they form a 



rock or 
‘sludge” 
with the water sup- 
plied to the tool. 
This semi-liquid 
sludge is brought to 
the surface by ajmmp 
and the process re- 
peated, The diamond 
drill, however, is 
always used if at 
all possible. If the 
water from an arte- 
sian well does not 
rise naturally to or 
above ground level, 
lift pumps are em- 
ployed to raise it 
to the height re- 
quired. 

An interesting feat 
of well-boring was 
carried out at 
Grenello, Paris. From 
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ronsirleralion of the f;eological formations, 
the engineer came lo the coiiclnf.ion tliat 
he Tvonlcl have to sink a bore over 1,000 
feet ill depth and that when he had tap]ied 
the aupply the water would rise consider- 
ably above groiuid level. The task occupied 
eight years; after boring through thirty- 
three feet of gravel, 100 feet of san<l, clay 
and lignite, sixteen and a half feet of 


mixed chalk and clay, 1,378 feet of chalk, 
eighty-eight and a half feet of chalk marl 
an<l 180 feet of gaiilt clay and greeii- 
.sands, the water gushed out to a height of 
122 feet above the ground. This noli still 
contributes about 800,000 gallons a day to 
the Paris water aupply, the temperature of 
the water being 81'8l degrees Fahrenheit 
when it comes to the surface. 


CHAPTER XV 

DRAGONS AND SERPENTS OF TO-DAY 


'T'HE dragon is one of the most ancient and 
* the most widespread monsters that the 
imagination of man has called into existence. 
As Apep, the snake-god, it appeared in the 
complicated pantheon of Egypt; the inhabi- 
tants of Babylonia and Chaldea knew it as 
Tiamat, goddess of primeval darkness and 
chaos, w'hile in the sacred hooks of the 
Hebrews, and still more in the numerous 
myths, allegories and legends of the Middle 
Ages, the dragon — symbol of the powers of 
d^kness — splayed a very prominent part. 
In the Far East it is even to-day a favourite 
motive in works of art, and for centuries it 
has served as the national symbol of China. 
In our modem sophistication, we scoff at 
dragons and at aU their numerous and 
fantastic companions in wickedness, but to 
the terrified imagination of our forefathers 
they were very real creatures, who must be 
propitiated or else boldly overthrown, if the 
destruction hirldng in their teeth and claws 
and fire-laden breath were to he averted. 

So implicit was the belief in dragons 
that even scholars and naturalists of the 
gravest cast of mind were not above 
giving elaborate descriptions of these 
monsters, in company with thoir dis- 
sertations upon the other members of the 
animal creation. All such descriptions were 
but variations on the oharaote^io snake 
or lizard shape ; and it may well be that the 
dragon legend was perpetuated so long and 
so faithfidly by the periodical discovery of 
the fossilized romains of gigantic lizards that 
walked the earth in prehistoric times. These 
huge saurians, some of which attained a 
length of more than twenty feet, must have 
been truly terrifying beasts; and a further 
suggestion may not be entirely worthless; 
namely, that living specimens of these great 
reptiles which had survived long enough 


to he observed by more or less intelligent 
human beings might conceivably have been 
the prototypes of the traditional dragon. 

To-day the race of dragons has sadly 
degenerated. Nature can still produce 
almost the exact image of the dragon or giant 
saurian of old, so far as concerna api>carance, 
repulsivencss and relative ferocity ; but in the 
matter of size her wonted powers have 
deserted her, and the largest “dragon” that 
is known to exist scarcely exceeds fifteen feet 
in length. In some respects it can be regarded 
as a new dragon, having become known to 
civilization only within recent years, yet 
there is small hope of its ever being ousted 
by any larger species ixom its proud position 
of modem heir to all the dragons of antiquity. 

TAfi Dragons of Komodo 

The strange creature to which we are 
referring is the Komodo Dragon, which hails 
from the small island of Komodo, in the Malay 
Archipelago. A heavy, ungainly animal, d ull 
and earthy in hue, with its loose skin hang- 
ing in folds, this quaint “dragon” looks 
indeed like a fantastic creature from another 
world, as it prowls about with its long tail 
trailing behind it, its forked tongue flicking 
in and out, and with now an expression of 
intense ferocity, now an ugly yet comical 
smirk, upon its scaly face. The existence of 
this giant lizard had long been a tradition 
among the Malays, yet it was scoffed at by 
European natur^sts until the finding of the 
first specimeiM, in 1912. Now the Komodo 
Dragon is to be seen in many zoological 
gardens; a fine pair was presented to the 
London Zoo in 1935. 

The Komodo Dragon belongs to a family of 
large lizards known as Monitors, this name 
being derived from the fact that they are 
popularly supposed to give warning of the 
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approach of crocodiles, their 
hereditary foes, by making 
a hissing sound. The Mon- 
itors are powerful creatures, 
with strongly developed 
necks, long, slender, forked 
tongue.s, long tails fur- 
nished vdth a low ridge of 
crest, and powerful feet and 
claws ; and they are covered 
all over with very small 
scales. One of the common- 
est of these great lizards is 
the Monitor of the Nile, 
which is of an .oUve-grej' 
colour, mottled with black. 

This Monitor is an agile 
swimmer and feeds largely 
upon the eggs and young of 
crocodiles; and, being itself 
an inoffensive creature, it is 
of great value in districts 
infested with these beasts. 

It reaches a length of five 
or six feet. Equally at 
home in the water is a 
seven-foot Monitor from 
south-eastern Asia, which, 
previous to the discovery 
of the Komodo Dragon, was 
regarded as the largest of 
livinglizards. When alarmed 
in the branches of trees, this 
Monitor is said to plunge 
from a considerable height 
into the water beneath. 

The great strength and 
agility shared by all Moni- 
tors is, in an Indian species, 
put to a strange but well- 
attested use by thieves and 
burglars. The Monitor in 
question is about five feet 
in lerigth, and is celebrated 
for its ability to climb 
walls. The intending house- 
breaker liberates one of 
these useful beasts at the scene of his opera- 
tions, and the Monitor, in endeavourmg to 
escape over the wall, drags up the man after 
it, clinging to its broad, strong tail. 

In India there is popular belief that the 
bite of a young Monitor is more deadly than 
that of any snake. However; this idea is 
quite erroneous, and aU the Monitors are 
quite inoffensive to man at every stage 
of their life; even the formidable-looking 
Koiiiodb Dragon, king of all: lizards, is an 
object of wonderment, not of fear, ■ In India, 


£videnc« tbat the dragon had called for a drink — the monster 's curious " spoor " 
and wavy tail tracks. A photograph taken oh the Island of Komodo 

Burma and Ceylon, many species of Monitor 
are a favourite article of food among the 
natives, being esteemed a great delicacy; and 
their eggs, which are usuaUy deposited in the 
ground, or in a deserted White ants’ nest, are 
eagerly 'sought for. 

Another modern monster--th;ough a dwarf 
beside the Monitors^is the Great Dragon of : 
Guiana and other parts of tropicM America^ i 
This is a strong, active and determined' 
animal, with splendid powers of , 

climbing. It measures between&umlli^fahi': 


Hying Dtagons of Forest and Jungle [210] The Fringed Dragon of Sumatra 


six feet in length, and in colour is olive green, 
mottled with brown, with a yellow belly. 
This lizard, too, is hunted for its flesh and 
eggs , but w'hcn it has turned at bay ni its deep 
burrow it is an opponent to bo reckoned 
with, and the ferocious snaps of its powerful 
jaws can inflict a very painful wound. 

Most dragon-like in form of all the lizartls, 
and yet very small and inoffonsivo, arc the 
aptly-named'Flying Dragon of Iho forests and 
jungles of southern Asia These very strange 


opened .nid iIosihI with a pietly, fluttering 
movement , tlie ehium oi wlinli is ('iihtiiiei tl 
liy their hrillidut eoloiiiing. Hut when tlie 
lizard wishes to remove to a iieighhomiug 
branch or tree, it spre.ids its paraelmte, 
lauiieliesilsell boldly into the air, and h\voo])s 
lapidly from lioiigli'lo hoiigli, alighting every 
time iiiion its ohjeetivi' with mioriing pre- 
eision. There are iihoiit a score ol H]ie(ties 
of flying dragons, distrilndod ihrough IikIui, 
Java, Borneo, Malaya and (he I’liilippiiies, 



The Xuatera Lizard is said to opproach more nearly in stiuctoro to tlio piohlsloi Ic reptiles tlinii nn> olhci nnlnml llvlnit 
to-day. A native of New Zealand, It is itsoU oltnosl extinct 


yet graceful little creatures ore only about 
ten inches in length, and of this the long 
and slender tail comprises the greater part. 
Their chief claim to distinction, and the 
attribute which puts them in the rank of 
“dragons,” is the broad, wing-like expanse 
of skin growing out from each side of the 
body and supported on long, bony ribs like 
those of an umbrella, by moans of which 
these curious appendages can he opened or 
folded at will. 

The Plying Dragons spend their lives in the 
tree-tops, and when running about the 
branches in search of insects, these “wings” 
aio kept tightly folded by their sides, though 
every now and then they may ho rapidly 


and all attractively coloured and inolfenslvo 
creatures. Tn Humatra is found llio fringed 
flying dragon, whose hack and wings aw 
oriiamentod Avith black siiots, each within a 
white ring; its long tail is very slender and 
wliip-liko, and is eovored with sharp, keeled 
scales. 

Among the iiiloresting lizards of Australia, 
two must ho singled out Avhieh an' so roinnrk- 
ahlo and so forbidding in apjioaranro thal/ 
had they been built upon a larger scale they 
would have soomecl like the blood-ehilling 
phaiAtoms of a nightmare. The lirst of these 
eroaturea, the frilled lizard of Queensland, is 
normally a sober, yellow-brown, harmloss- 
lookmg animal, attaining a length of about 
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The Armoured Moloch 


three feet and presenting no features out of 
the ordinary. But when it is angry or 
alarmed, it has the power of suddenly erecting 
a capacious, multi-coloured frill of shin, 
which stands out stiffly, like* an enormous 
ruff or collar, all round its neck. At the same 
time the lizard assumes an expression of 
intense ferocity, opens its mouth and gives 
voice to a loud hiss, ft has the equally 
curious habit, when agitated or alarmed, of 
rising upon its hind legs, like some of the 
giant preliistorio lizards, and running along 
in this bomi-human pose, with its fore-feet 
held like arms. When going quietly about 
its onn business, it runs like other lizards on 


ivith spikes, while its back i.s covered with 
strong, sharp spines, each of which is sur- 
rounded by a circle of smaller ones. The 
spaces between are covered with hard, warty 
excrescences, extending as far as its powerful 
claws, while the Moloch’s short tail is also 
heavily armoured with spikes arranged in 
whorls, so that it looks like the most deadly 
hattlo-flail imaginable. 

Yet this grim and terrifymg appearance is 
but a mask to conceal a timid and inoffensive 
disposition, for the Moloch has no offensive 
weapons and cannot run very fast, so that 
without its fearful armature and ferocious 
expression it woidd be very quickly exter- 
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Bilsttlng with sharp spikes* the Moloch, or Thoray I>evil of Southern Australia, Is a most repulsive lookinfl 
creatui e« Ita looks belle It, however, for the Moloch Is quite harmless and lives chiefly on ants* It Is here shown 

about half natural size 


all four legs, and its frill is folded neatly over 
its shoulders in pleats. But when the frilled 
lizard stands at bay, it looks so terrifymg that 
even the boldebt dogs, it is said, will turn 
away from it. 

The frilled lizard’s rival m fearaomeness is 
tl>o Moloch, wdiioh zoologists have aptly 
christened Moloch horridus, for in regard to 
appearance this truly fantastic and repulsive 
lizard fulfils all the qualifications that were 
cxpcclod of the dragons of ancient legend; its 
only ahortoominga are that it does not breathe 
out fire, and is buroly more than ten inches or 
so in length. From its hhint nose to the tip 
of iia tail the Moloch is literally covered with 
shar]), upstanding sifflccs ami tubercles. 
Two very largo curved spines spring from the 
top of it's small head, while another projects 
from each of its eyebrows. On tho back of 
its nock it beiu's a promhieut hiuup crovidcd 


minated by its foes. As it is, any animal 
rash enough to seize tho Moloch in its mouth 
needs little inducement to drop its prickly 
burden. 

As though in doubt wdicther its appearance 
be sufficiently formidable, the Moloch has 
another “card up its sleeve,” for it is capable 
of bewildering changes of colour. Normally 
of an inconspicuous yellow hue, spotted with 
brown, it grows darker under the iniluonco 
of fear or anger and then changes to a livid 
grey suffused with red, a feat by W’hich its 
appearance of mahguancy is considerably 
increased. 

Among the interesting family of lizards 
known os Iguanas are many that attaiin a 
largo size. The common Iguana, for instance, 
which is a native of tropical America and the 
West Indies, reaches a length of six feet, and 
K- a heavy, buUcy animal, green in colour with 
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a mottling of brown, grey and blue. Its 
underrports are a light yellow-green, and sus- 
pended beneath its throat is a large, loose bag 
of skin which is partly extended when the 
animal is excited or enraged. Though really 
quite harmless and inoffensive creatures, 
these large Iguanas have a markedly for- 
bidding and dragon-like appearance, due not 
only to their size but chiefly to the long, erect 
crest, resembling a row of sharp spines or 
teeth, which runs from the nape of the neck to 
the very extremity of the Iguana’s tail. The 
throat-pouch, too, has a row of indentations 
along its fore-edge. 

The Iguana is a tinoid, indolent animal, 
spending the greater part of its life high up in 
the tree-tops overhanging tropical rivers and 
swamps, where it browses on the shoots and 
leaves and where its greenish coloration 
makes it very inconspicuous. 'When seriously 
alarmed, this bulky lizard tumbles headlong 
into the water beneath, eveii from the 
loftiest frees, and remains submerged for an 
hour dr more until it considers the danger to 
be past. The flesh of some of the Iguanas, 
like that of the Monitors, is considered very 
good ea.ting by the natives, who track the 


lizard to its burrow with dogs, or simply 
capture it with a noose while it is resting. 

Sea hi^^ards of the Galapagos 

Many of thS Iguanas will take readily to 
fresh water, swimming with strokes of their 
long, flattened tails. But in the Galapagos 
Islands, in the eastern Pacific, there - is a 
species of Iguana which swims freely in the 
sea, being the only existing lizard that is 
known to do so. These remarkable reptiles 
are about five feet in length when fully grow, 
and are of a dirty- black colour and intensely 
ugly, with a blunt nose, a crest of spines along 
the back, and a fierce expression; In the 
breeding season, however, these marine 
lizards are covered with large blotches of 
green, wiiich flash brilliautly in the sun lilte 
•enamel. At this time the head becomes pure 
white. The long, compressed tail forms a 
perfect swimming organ, and tho middle 
toes are connected by a strong weh. : 

Though repellent in appearance and armed 
with sharp, powerful teeth, the sea lizards are 
harmless in their habits and feed entirely on 
seaweed. They may be seen basking in the 
sun in enormous numbers along the shore of 
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The Voyage of the Beagle 


various islands of the 
group, and they do not 
seem to feel the slightest 
fear of man. The herds 


of these lizards are so vast, 
covering up to three acres, 
that Tvhen they are all 
crawling along at once, it 
has been said, the very 
ground seems to he in 
motion. They enter the 
sea in large numbers, and 
may be observed swim- 
ming about together some 
hundreds of yards from 
the shore; and when on 
land they 'svill not stray 
as much as ten yards from 
the water’s edge. 

Charles Darwin, who 
visited the Galapagos 
Islands during the voyage 
of the Beagle, came to the 
conclusion that marine 
Iguanas fed largely upon 
a kind of seaweed which 
grew only at the bottom 
of the sea, some distance 
from land, which would 



seem to show considerable powers of diving on 
the part of these lizards. At all events, uoy 
can remain submerged for a very long time 
without harm* “A seaman on board sank 
one,” Fays Darwin, "with a heavy weight 
altachod to it, thinking thus to kill it 
directly; but when an hour afterwards he 
drew up the line, the lizard was quite active.” 

Charles Darwin’s Experiment 


watear, it tried to conceal itself in the 
tufts of seaweed, or it entered some crovioe. 
As soon as it thought the danger was past, it 
crawled out on the dry rocks and shuffled 
away as quickly as it could. I several timej 
caught this same lizard by driving it down to 
a point, and though possessed of such perfect 
powers of diving and summing, nothing 
would induce it to enter the water; and as 
often as I threw it in, it returned in the 


But, though this Iguana is such a 
thoroughly aquatic creature, it presents, 
observes Darwin, one strange anomaly, 
"namely, that when frightened it will not 
enter the water. From this cause, it is easy 
to drive these lizards down to any Uttlo point 
overhanging the sea, where they will sooner 
allow a person to catch hold of their tails than 
jump into the water. They do not seem to 
have any notion of biting; hut when much 
frightened they squirt a drop of fluid from 
each nostril. One day I carried one to a 
deep pool left by the retiring tide, and threw 
it in several times as far as I was able. It 
invariably returned in a direct line to the 
spot where 1 stood. It swam near the 
bottom, with a very graceful and tapid move- 
ment, and oocasion^y aided itself over the 
uneven ground with its feet. As soon as it 
arrived near the edge, but still being under 


manner previously described. Perhaps this 
singular piece of apparent stupidity may be 
accounted for by the circumstance that this 
reptile has no enemy whatever on shore, 
whereas at sea it must often fall a prey to 
the numerous sharks. Hence, probably 
urged by a fixed and hereditary instinct that 
the shore is its place of safety whatever the 
emergency may be, it there takes refuge.” 

In the centre Manda of the Galapagos 
group is found another Iguana, a land-dweller 
and somewhat smaller than its brother of 
the sea. Though fierce in expression and 
intensely ugly, it yet can boast a respectable 
coloration, having a red body imd bright 
yellow head and feet. It is quite harinl^fl^ 
feeding on cactus and suooulmit leaves 
berries, and often climbing trees to 
amid the branches; but wheil 
annoyed, this Iguana can 
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These lizards are becoming sadly depleted as 
a result of the depredations of Avild dogs, 
descended from those brought to the islands 
by early settlors; though when Darwin visited 
the Galapagos group in the 1830’s they were 
exceedingly numerous. ‘‘I cannot give a 
more forcible proof of their numbers,” he 
relates, “than by stating that when we were 
left at James Island we could not for some 
time find a spot free from their burrows on 
which to pitch our tent. . . . When walking 
over one of these lizard warrens, the soil is 
constantly giving nay. much to amioyance 


fantastic experiments of habit, form and 
colouring. In earlier and more credulous 
days, the Basilisk was a fearsome beast of 
myth and legend whose very ghuioe had the 
power to slay those upon whom it rested. 
“Come, basilisk, and kill the innocent gazer 
with thy sight,” Shakospoaro makes Henry 
VI say to the Earl of Suffolk. Visualized as 
a scaly, lizard-liko creature with eight logs, 
a cruel beak and red, fiery eyes, it was 
popularly believed to spring from an egg laid 
by on aged cock and hatched by a toad or 
serpent. 



I'liolo 1 Km Yetk Zoolotiial ‘iouety 

The sgUo l4Uid Isuiiaa of the GalopaSos Islands, though provided with aformidabicset of clawsondan unpropossesslnd 
appoorance, la as inoffensive as its sleepy look here auggeste 


of the tired pedestrian. ... I watched one 
[burrowing] for a long time, till half of its 
body was buried ; I then walked up and pulled 
it by the tail ; at this it was greatly astonished, 
and soon shuffled up to see what was the 
matter; and then stared me in the face, as 
much as to say, ‘What made you pull my 
tail?’ . . . They are not at all timorous; 
when attentively watching anyone they 
curl up their tails and, raising themselves on 
their front legs, nod their heads vertically 
with a quick movement and try to look very 
fleroe, but in reality they are not at aU so ; if 
one just stamps the ground, down go their tails 
and off they shuffle as quickly as they can.” 

Strange Legends of the Basilisk 

Related to the Iguanas is the ouiious 
Basilisk, which is notable for its striking 
appearairce even among the lizards, in the 
creation of which Nature has made so many 


As its name signifios, the BasiUsk was 
regarded as the Idng of reptiles, and in 
anoient books it is depicted with a royal 
crown upon its head. “Ho soemeth to bo 
the Kinge of Serpents,” naively observes a 
medieval author, "because of his stately 
face and magnanimous minde,” The very 
flesh fell from the bones of any unfortunate 
creature that encountered a Basilisk, and all 
vegetation was laid waste by its fiery breath, 
Mon could contend with the Basilisk — ^though 
at the greatest peril — only if armed with a 
mirror which turned its fiery gaze upon 
itself. The only living creature that could 
oppose it on equal terms was the cook, and 
this brave bird would even appear at times 
to have got the better of the “ Kingo of 
Serpents,” who fled away incontinently into 
the desCTt at the sound of the cook’s raucous 
voice. Hence travellers through desorb 
regions, where the Basilisk was moat to be 
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feared, were gravely advised by ancient 
ivriters to carry with them a number of 
shrill-voiced cocks. According to other 
authorities, it was the weasel alone that could 
contend with the Basilisk, and then only by 
giving itself a fresh lease of life and strength 
during the struggle by eating rue. 

In striking contrast to its mythical forc- 
bear, the lizard that is known to modem 
zoologists as the Basihsk is a shy, inoffenave 
little creature, that only in its quaint appear- 
ance displays any resemblance to the “Kinge 
of Serpents.” A native of Martmique, 
Guiana and other parts of tropical America, 
the Basilisk is between two feet and three feet 
in length, and is very attractively clad in 
green and brown, with 
shades of blue on its 
back, beneath, it is a 
silvery white Its most 
remarkable feature is 
a kind of bag, shaped 
like a pointed hood, 
which it bears upon 
the top of its head 
and can erect at will 
Along its back, too, 
there is a high csrest, 
supported, like the 
dorsal fin of a fish, 
upon long, spine-like 
processes and capable 
of being erected under 
the influence of irrita- 
tion or emotion. The 
long tail of the Basilisk 

does not taper gradu- The Giant Zonure, or Great O 
ally from the body, as **’* Oraaga Free state. 

is the case with the 


In the dry desert regions of I^orth America, 
rangmg from California to Texas and Mexico, 
are found the fantastic “homed toads,” 
which, this popidar name notwithbtandmg, 
are in reality lizards, related to the Iguanas. 
In appearance these creatures are indeed 
rather toad-like, being broad and squat, with 
a short, nedge-shap^ tail, compaivd with 
the long, tapering tail of moat other lizards. 
Living in dry, sandy or stony districts, where 
there is httle cover, they are protectively 
coloured in grey and brown to match the hues 
of the earth ; and further, ore almost entirely 
covered with large spiny scales, though not 
so lavishly as is the Moloch of Australia. 

The “homed toads” are quite harmless to 





Photo Dr Weller 

The Olent Zonure, or Great Girdled LIxard ofSonth ACrlca, la found cbleBy In Basutoland 
and the Orange Free State. About 15 Ins. la length, it Is covered with an arinour of 

sharp pointed scuea 


majority of hzards, but loaves the animal’s 
hindquarters abmptly, os though it had been 
attadied as an afterthought. It is provided 
with a separate and distinct crest of its own, 
which is movable like that on the back, and 
the tail is so attenuated towards the end 
that the joints of the vertebrie show distinctly 
through the skin that covers them 

The head of the Basilisk is small and 
narrow, with a pointed snout, and it has an 
inexpressibly knowmg appearance as it suns 
itself on the boughs of trees in its native 
forest, or browses on the luxuriant vegetation. 
When alarmed, it plunges into the water 
below, though except in moments of danger 
it does not readily take to swimming, The 
Basilisk does not swim with strokes of its 
tail, like other Iguanas, but allows it to trail 
inertly behind it, and sitting almost upright in 
the water propels itself along with its hind legs, 


man and other animals and feed entirely upon 
red ants, beetles and other insects, mnning 
rapidly over the sun-baked earth in their 
quest for them. In captivity, however, they 
are sulky and sluggish, and often will reso- 
lutely refuse to move or exhibit the slightest 
sign of life, even if pushed or irritated. 

••Toads" that Squirt •• Blood “ 

These curious hzards have the habit of 
burrowing a little way into the sand to con- 
ceal themselves from their enemies, while the 
sharp, hackwardly-directed spikes on the 
head prevent them from being devoured by 
snakes and other predatory foes. But the 
most remarkable weapon in their ano,OT*sy 
consists of the well-attested power of b^ng 
able to squirt a fine jet of fluid— ooloanj^^M 
like blood — from the comer of tbeir 
into the face of an aggressor. 


Setpents that Inspired Greek Masterpiece [ 216 

Wo cannot conclude onr story of modem 
draf'ons and monsters A^ithout some account 
of tlie large serpents 'with which, probably, 
moat dragon-fables originated. In Baby- 
lonia, in ancient India and in the America of 
the Aztecs, snake worship played a prominent 
part in the national religion ; and even among 


the Greeks and Romans, serpents were held 
in great honour and esteem for their supposed 
wisdom and benign powers. And large 
serpents, probably of the python kind, have 
helped to inspire at least one masterpiece 
among the world’s heritage of great art — ^the 
celebrated sculptured group of the Laooodn. 

Formerly all large and non-poisonous 


The Boa-consttictot 


snakes which depend upon the crushing 
power of their muscles for killing their prey 
were ranked together as Boas; but among 
modem zoologists this term is usually 
restricted to a particular division of large 
pnakcH of whicli the majority are natives of 
America, although many species are found 
in the hotter pairts of 
the Old World, from 
North Africa to Mada- 
gascar and New Guinea . 
It is an interesting 
sidelight on their evolu- 
tion to note that aU 
Boas possess unmis- 
takable traces of pelvic 
bones and oven of hind 
legs, the latter being 
represented by a pair 
of rudimentary claw- 
lilce spurs, placed one 
on either side of the 
vent; it is probable 
that these appendages 
assist their owner to 
some extent in climb- 
ing trees, by their 
friction against the 
bark. 

The Boa-constrictor, 
the species most 
familiar, in name at 
least, to the generality 
of people, is a native of 
the forests of tropical 
America, from Mexico 
to Brazil and Para- 
guay. It is a splendidly 
coloured sn we ; the 
prevailing tone is a rich 
brown, and along the 
back extends a row of 
large, pale patches, 
oval in form, with the 
ends cut away in a 
half-moon shape. The 
tail of the Boa is more 
brightly and boldly 
ornamented than the 
remaindor of its body, 
approaching a dark red 
hue, with black and y^ow splotches* ThS 
sides are adorned with large diamonds and 
bars of brown, while the under-parts of this 
fine snake are of pale yellow, spotted with 
black. 

Despite the popidar belief in the excessive 
size attained by tiie Boa-oonstriotor, it would 
appear that a length of tVelve feet is the 
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Wl^ Its bold mtlrkiiids sud fins colourlndi the Boa-constrictor Is beautlfnl enoudh to 
looic at, and Its pattecned sldn Is seen to dood advantage when distended after a meal op) 
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The Handsome Andconda 


mas-iimim for till's snake Its ferocity, too, 
seems to have heen greatly exaggerated, and 
jccoiding to all anthoritativo reports, it is 
shy and uioffensive m its altitude towards 
man The natives of tropical America have 
long been accustomed to keep the Boa as a 
domestic pet m their cabms, where it lies 
s>kigg^^hly during the day, awaking as evening 
approaches to hunt the rats that swarm 
everywhere. 

Hoai the Boa sei’j^es its Pr^ 

The Boa’s method of seizing its prey is 
swift and fatal. A lightning snap of its 


A near relative of the Boa is the Anaconda, 
of South America, which spends a great part 
of its time in livers and pools, and so has been 
modified for an arjualie life by the possession 
of verj capacious lungb and the ability to 
close the nostrils entirely, so that no water 
can enter. The Anaeonda is a large snake, 
reaching a length of tliirtj or even thirty-five 
feet, and thick in proportion Like the Boa, 
it is non-venomoua, relying upon the temble 
crushing power of its coils to kill its prey; 
but, unlike the Boa, it is said to have a 
ferocious temper, although, so far as is known, 
it does not attack man To do the Anaconda 



CouTtny of the Booth Z,t» 

Disposed In true serpentine coils— an Anaconda Irom the Amaxon. TlUs immensely powerful Snalce often attains a 

length of over 30 ft., andlcUls Its prey by crashing 


Widely opened jaws serves to secure the 
viotun, and almost mstantaineously a fold of 
the serpent’s body, near the head, is thrown 
round the strugphng animal, being reinforced 
by others in swjffc succession One after the 
other, the bones of the victam are broken by 
these living coils of steely ttmsde, aJud then 
begmS a puodess of swallowiag whioh, if the 
prey is hnJEky, is likely to iaovef k long and 
fatigumg one. After $> hoaty m^ the Boa 
may refliani torpid tod (jijieSoto* ft® a <k)n- 
sidemable time while digtchkop ia id pBOgtHSU, 
and on re-awakenmg it is usually esctrem^y 
hungy, Specimens in captivity being known 
at this time to swallow their beddmg, htter, 
and other foreign bodies in order to appease 
their ravenous appetite. 


justice, it is a remarkably handsome creature; 
on a ground colour of rich ohve brown it has 
two rows of large oval, black spots laid in 
alternate order along its back, while its aides 
are marted with %ht golden-yellow rings, 
each of which is fringed with black and has 
a oonapicuouB white eye m its centre The 
pale belly is spotted with black, and bears 
two spur-hke, rudimentaxy hind limbs. 

In tile rivers of tropical South Amenoa the 
Aiwonda may he seen swimming along 
Bwiftly ike an eel, with a rapid, sinaoiw 
movement of its body. When lying m wt# 
for its prey, which it does chiefl.y at 
submerges itself m the water near 
with only its nostrils showing 
surface, and the Indians take 





H J,&liepstmt 

The Python usually lies In wait for Its victim, colled firmly among the branches of a tree, lilke the Boa-constrictor 
and Anaconda, It squeecea its prey to death and then swallows It whole 


cautions against its presence in. the water 
before venturing to bathe. "When any 
unsuspectmg creature comes down to drink, 
the Anaoon& darts swiftly from ambush and 
seizes it by the nose, dragging it beneath the 
water and enveloping it in its crushing folds. 
Its victims are usually tapirs, otters, agoutis, 
ant-eaters, iguanas or birds; but stories of its 
swallowing large deer, horns and all, seem to 
rest on a very slender foundation, although it 
is but fair to remark that a naturalist of no 
less repute than Alfred Euasel Wallace states 
explicitly (in his “Travels on the Amazon”) 
that “it IB an undisputed fact that they 
devour cattle and horses.” This great snake 
frequently deserts the water for the branches 
of trees, where it noiselessly awaits its prey, 
but on the ground it is comparatively clumsy 
and helpless, and may then be killed fairly 
easily. Its fat yields a fine oil which long 
enjoyed a re|)utation for the cure of sprains 
and rheumatism; six gallons or more are said 
to be obtainable from a single specimen. 
The Anaconda’s hide, like that of Boas, is 
made into a very tough and handsome 
leather. 

The Pythons, which in point of size are the 


only rivals of the Anacondas, are essentially 
snakes of the Old World, whore they are 
common throughout iJie tropics, even in 
Australia. The netted, or reticulated. 
Python of Burma, Siam and the Malay 
Archipelago, and the Indian Python, or rock 
snake, are the largest species, with a length 
sometimes ofthmty feet, but it is very usual 
for any but sdentifio observers to exaggerate 
the size of pythons to the point of absurdity, 
a lon^h of forty or sixty feet being commonly 
vouched for. Stories of p3rthoii8 swallowing 
excessively large animals should be received 
with great reserve, sinoe the jaws of even the 
largest specimens, although capable of being 
enormously extended, could only with diffi- 
culty cope with any prey larger than a sheep 
or goat. 

Habits of the Python 

The body of the Python is large, round and 
sinuous and immensely strong, and is covered 
with a broken, irregular network of markings 
in bladkand various shades of brown. The tail 
is prehensile, and rudimentary hind limbs 
exist, as in the Boa and Anaconda. Besides 
being a powerful swimmer, the I^hon is very 
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active on land, but it prefers to ;lie imvait for her heap of eggs, which number seven or 
its prey in the boughs of trees overhanging eight dozen, and guards them Jealously, 
rivers and water-holes, where it is very inoon- A high temperature is generated within this 
spiouous among the dark foliage. Seizing its natural incubator, and the eggs hatch in a 
victim suddenly, it crashes it to death, praiod of between two and three months, 
reducing it to a sausage shape before swallow- The mother Python will not forsake her trust 
rug it. If the prey be large, the operation of for a single instant, and goes entirely without 
swallowing is apt to be veiy laborious and food during the whole of this time, 
protracted, even though facilitated by the Apart from such works as the Laooodn 



group, already men- 
tion^, there are many 
indications of the awe 
inspired by serpents 
of old. The Python 
of mythology was a 
serpent or dragon bom 
of mud left after the 
deluge with which 
Zeus overwhelmed 
the world. The great 
serpent, according to 
legend, was slain at 
Delphi by ApoUo. 


Photo : Df, Sfof jSaHicUx 
rjlce the rest ot Its tribe, 
tbe lumdsoine Send Viper (s 
ht^hlrpolsanbus. Itlsfsiind 
In Sontbern Europe end feriis 
on smell anlmels 


When nnfiryi the Green 
Whip Snake of Southern 
Asia inflates. 1|B peek; 
It Uves Im trees and 
though Tei7 ithin' Is of 
tr^endous; length.’ 


se eretion ’ of am 
enormous quantity 
of saliva witii which 
the Python’s prey 
is liberally covered. 
The common im- 
pression that the 
dead animal is 
anointed with saliva 
before the Python 
begins to devour it 
is quite erroneous. 

The I^thon is the 
only snake that 
se^s to show any 
Boiipitude for its 
eggs or young. The 
female Python 
wiraps herself,- fold 
lipon fold,- arolind 
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Trade Routes of Long Ago 


CHAPTER XVT 
THE ROAD BUILDERS 


A LL through the ages roads have exercised 
^ the greatest influence on civilization. 
They have been ihe first atop towards 
commerce and towards social and national 
intercourse; for wherever lines of communica- 
tion are established between men, commerce 
follows, and with commerce comes civiliza- 
tion. 

Man’s first roads were merely trails; they 
aiiproximated to the tracks made by wild 
beasts that leave their lairs at night to slake 
their thirst at a jungle pool. The first trails 
of man, too, were probably ones that led to 
streams or water-holes. Later he travelled 
farther afield, hunting and fishing; and also 
in quest of richer soil for cultivation and 
fresh pastures for his beasts. He encountered 
other tribes, fraternized and fought, and 
whether the former or the latter, added to 
his store of knowledge both topographical 
and general. Man soon found that peaceful 
intercourse with his neighbours brought him 
considerable benefits, and there sprang up a 
system of barter or trade which later became 
less localized and spread along trails and 
tracks and roads from one corner of tho land 
to the other. 

Amber Roads of Central Europe 

These trading routes, which stretched over 
long distances, existed long before the 
dawn of history; the earliest of which we 
have any knowledp are the amber roads of 
Central Europe. Amber is a resin discharged 
long ages ago by coniferous trees and 
foBsiliz^; it was much in demand by the 
ancients because of its supposed medicinal 
or magical properties. When ground into a 
powder and mixed with rose-oil it formed a 
paste which, if taken internally, was believed 
to cure deafness ; a similar paste made with 
ground amber and honey improved the sight, 
so it was thought; and a necklace of amber 
was a cure for ague. Children often wore it 
as an amulet, since as a charm it was con- 
sidered unrivalled. It was used for many 
other purposes, some useful, some merely 
ornamental; and man’s desire to possess it 
led to the e^bhshment of trade roads from 
southern Denmark, through eastern Prussia, 
down to the Mediterranean. Tho general 
route lay via Hamburg, Magdeburg, Dresden, 
Passau, Brenner, Verona, and the maf-p 
towns of Italy; but another route led from 
Magdeburg through Maioz to Basd in 


Switzerland; and still another road led from 
Danzig in an almost straight line to Trieste on 
the Adriatic. Evidence that these wore tho 
old amber trade routes is provided by tho 
collections of amber found in the graves 
of the folk of the Early Iron and the Bronze 
Ages. 

Trade routes also came to bo made as a 
result of the attraction that lapis lazuli held 
for the Egyptians and Chaldeans. Lapis 
lazuli is a blue stone of comparative rareness 
and was obtained from Badakshan in north- 
east Afghanistan, and from Lake Bailcal in 
Siberia. Tho exact routes by which lapis 
lazuli was carried are not known, but that 
the stone found in Egypt must have 
originated from tho sources montionod is 
fairly certain. 

Ancient Silk Roads of Asia 

The most famous of tho old trade routes, 
however, are the ancient silk roads which 
traversed central Asia to northern China. 
The silk industry is wholly of Chinose origin 
and is believed to have been founded in 
2640 B.o. by Si Ling Shi, wife of tho Emperor 
Hwang-ti. Por 2,000 years the Chinose 
jealously guarded the seorot of the silkworm, 
and the method by which they unwound tho 
silk from its oocoon, but eventually the 
Persians gained this laiowledge pwing, it is 
said, to a Chinese princess marrying into 
Persia; before she left the country of hor 
birth, she hid in her hair some silkworms and 
the mulberry leaves on which the creatures 
feed. Tho Persians for their part cherished 
the secret, but in order to develop tho 
industry in their country it became necessary 
to obtain larger supplies of silkworms from 
China, and thus a trade was established for 
that purpose between the two countries. 
The route followed was through the desert 
of Gobi and tho valley of the River Tarim. 
In the sixth century, silkworms were 
smuggled out of China by monks, and silk 
weaving was introduced into Europe. 

The main silk routes were: the northern 
road which crossed Persia and Kashgar to 
Chinese Turkestan, passing north of the 
Knen-Lun Mountains to southern Mongolia 
and into the valley of the Hwang-Ho; a 
branch of this road which loft Morv in Persia, 
went south to Afghanistan and through the 
Khyber Pass into India; and a southern 
route Ibetwoen B ha nlo on the River Irrawaddy 
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Oa t]M aadent nortlara aBk road across Aaia along trhicb — In Roman times— the stiles ot China mte brouSlit team 
tlie Sborcs ot the Yidlow Ssa to Italy, Gaul and Spain. Caravans stUl use the road vrhlcb passes tlironitli tbe village 
of Yaqa Quddq (seen abova), on the southexn brinae of the Takla-Makan Desert between Maiatbaabt and Aqiu 


in Burma, through Tengyueh, into southern 
China. The last-named route ezteuded into 
India by way of Patna. 

TAp Great Desert Route 

The desert trade routes of lo-day, with one 
exoqjtion, are closely associated with the 
ancient roads, since they are not made for 
vehicular traffic. In Arabia, for example, the 
same routes which were used in the days 
of Sennacherib are still utilized by camel 
caravans to-day. The Great Desert Route 
lies between Aleppo, not many miles from 
the Mediterranean, to Basra in the Persian 
Gulf. For the most part it follows the valley 
of the Euphrates, and in all is about 770 
miles long. A camel caravan takes between 
twenty-four and tiventy-eight days to com- 
plete the journey. 

The southern lialf of Arahia has no trade 
routes, because it consists almost entirely of 
a waterless desert. In the north, however, in 
addition to the Great Desert Route there are 
others along which water is obtainable at 
natural wbUs and springs. One such watering- 
place is Rutba Wells, situated about mid- 
way between Damascus and Bagdad. This 
latter route is the exceptional One mentioned 
above, for it has proved suitable for motoi' 


transport and there is a regular motor-coach 
service between the two towns. At Rutba 
Wells is a fortified rest-house equipped with 
wireless, and Imperial Airways have a base 
there. 

Some pilgrim routes are examples of roads 
and caravan tracks that camo about in 
another way, though often they were used 
for commerce 'in the first instance before 
taking on their special character. Thus 
trade of course existed between Mecca and 
other parts of Arabia before this city became 
a holy one ; during the centuries that followed 
the teaffic grew immensely. 

The First 'Road-builders 

The first attempts at making real roads 
must apparently be credited to the Egyptians, 
who constructed a solid track for conveying 
the huge blocks of stone to the site of the 
Great Pyramid, Herodotus records that 
“It took ten years’ oppression of the people 
to medie the causeway for the conveyance of 
the stones, a work not much inferior in my 
judgment to the pyramid itself. This 
way is five furlongs in length, top 
wide, and in height at the highest 
eight fathoms. It is bruit of poli^Qi^Sn^ 
and is covered with carvings Of 
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The Carthaginians are said to have had a 
sj'stem of stone-paved roads , in view of the 
fact that they built up a mighty empiie and 
traded vigorously along the shores of the 
Mediterranean, and southward into Africa as 
well as in Spain, it seems more than probable. 
One historian states definitely that “the 
Carthagimans were the first that contrived to 
strengthen, to secure, and to consohdate the 
roads with stones and flmts knit together 
with sand and, as it were, fastened by 
masonry on the surface of the earth, which 
we in one word call paving ” 

Ronutn Roads 

The Romans, as everyone knows, were 
great road builders; and Rome built for 
posterity, as many eidsting relics of her 


civilization serve to show. A highly impor- 
tant step in the consolidation or the extension 
of her empire was the making of a system of 
roads, for an army cannot travel quickly 
without them When once a new realm had 
been conquered, the roads were used entirely 
for admmistrative purposes; to aid rapid 
communication between Rome and her out- 
posts there were built, at distances of five or 
six miles along the roads, houses at which 
were stabled forty horses. Thus, aU along the 
route, relays of horses were available for 
officials needing to travel at the greatest 
_ possible speed JuUua Caesar is said on one 
occasion to have travelled 100 miles in 
twenty-four hours by chariot, and the 
Emperor Tiberius to have gone twice as far 
in a day. As a general rule officials rode on 
horseback or in light 
I chariots, their luggage 
aooompan 3 nng them in 
heavier vehicles. 

One of the most 
remarkable features of 
Roman roads is their 
straightness. The 
Romans made no 
attempt to follow 
valleys, but in building 
a road from one town 
to another they pur- 
sued a direct course 
even if it meant bmld- 
ing a bridge across a 
nver or crossing a 
mountain. 

Ths Road to 

Constantinople 

The most famous of 
the Roman roads was 
the Appian Way, which 
was begun in 312 B.o. 
When eventually 
fimished it stretched 
from Rome to Brindisi, 
a distance of 350 miles ; 
but even there it could 
scarcely be said to end, 
for at the seashore two 
stone pillars marked 
its debouchment, while 
on the opposite side of 
the Adriatic two other 
piUars marked its con- 
tinuation into Greece 
and on to Constanti- 
nople. On either side 
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Old and new In tie desert. Motor transport foUo'WB a Roman payed road at Cayara, 
Iraq. Tap : A modern carayanseral on an age-old trade route— Rntba Wella» between 
Ramaacaa and Bagdad, seen from the air 
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Most celebrated ot all the great roads boUt by the Romans^the Appian Way outside Rome where it Is lined by 
ruined tombs and other monuments. The great highway was begun by Appius Claudius In 312 B.C. 


of the roadway were raised pavemeuts; 
blocks of stone were set at re^ilar distances 
in order to assist horsemen to mount, and 
there were even milestones. 

The main road to , the north of Rome 
was the Via Flaminia, which traversed the 
Apennines to the AdriatiCj where it chai^ged 
its name to the Via iEmilia and continued up 
the vedlsy of River Po to Turin. At this 
point it split up into three mountain roads 
leading over the Alps ; one passed to Grraoble 
and the Rhdne Valley^ anbthCT went via 
Verona across the Br'enner Pass, and the 
third road wehit via Stntzeailtind ’ to Leyden 
in Holland. 

Another road of supreme importance was 
the Via Aurelia, that passed along the shores 
of the Meditecraneaii and 'up the RhSne 
to Lyons, where branohi^ radiated across 
IVanoe. 

Roman Roads in Britain 

The Roman method of huHding rohda '^?as 
first to out trenches on either side, the width 
of the intended roadway. The top surface 
of loose earth was then removed until a more 
solid foundation was uncovered, when large 


. fiat stones were laid down and set in mortar. 
On top of this solid foundation looser 
material, such as smalls stones, rubble and 
sometimes coai’se concrete, was distributed; 
and on top of that again there was a layer of , 
a finer concrete. KnaJly large slabs of hard 
stone jointed together with remarkable 
aocmaoy were laid, giving a slightly cam- 
bered and enduimig road surface. As a 
rule the roads were about fourteen feet wide 
with footways seven feet wide on dithOT side. 
The footways were sometimes pavM with 
stone but mote often cons^oted of pebbles 
or flint: get in mortal, or of hard concrete. 
The depth of the roadway, including its 
foundations, was about three feet, unless the 
road happened to have been huUt on rook, 
when the road stones were laid directly on 
the latter. 

The most notable of the Roman roads in 
BritSln was Watling Street, which stretched 
from Canterbury to Wroxeter, joining up at 
the Canterbury end with the road to Hover, 
and at the Wroxetei' end with various 
tributaries to north, south and Vest 
Ermine Street was the Great North 
Roman times, passing from LondclbLi 
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The First Turnpike Roads 

via Ware, Royhton, Godnianchc'jter, Lincoln 
and Brough. The Fosse Way connected 
Lincolnshire with Devon, and the Iclmiold 
Way joined the Wiltshire Downs with 
Branchester in Norfolk. 

"When Temple Bar was Blocked by Bushes 

In England the departure of the Romans 
brought about the same decay in the roads 
that all Europe exi^orienced, and not until 
late in the 13th century do we learn of any 
attempt to remedy the trouble. In 1286 
laws were passed directing that all bushes and 
trees lining the roads between one market 
and another should be cut back for 200 feet 
on either side. Of the.repairing of the roads 
themselves nothing was said. In the 14th 
century the footpath at the entrance of 
Temple Bar, London, was so obscured by 
bushes and thickets that in bad weather it 
was impassable. Farther west in London 
the roads were so had that when the Ring 
went to Parliament faggots were thrown 
into the ruts in IChig Street, Westminster, 
before the royal procession could pass that 
way. 

In that same century the first timipike 
road came into being (1346), Edward Hr 
authorizing a toll to be levied for the repair 
of roads loading from St. Giles-in-the-Melds 
to the village of Charing. Similar tolls wore 
authorized for the repair of the road from 
St. Giles-in-the-Fields down Drury Lane to 
Temple Bar, and also for that of Gray’s Inn 
Lane. 

In the 17th century the stage-coach had 
made its appearance and the possibilities of 
longer journeys began to be appreciated. It 
was a long time, however, before the stage- 
coach superseded the mounted horseman, 
the state of the roads being the chief handicap 
to progress. Along the roads to London 
could be seen gentlemen, commercial travel- 
lers and bagmen, hut they never rode 
singly, for the danger from troops of robbers 
and vagabonds was as great as ever. Dick 
Turpin and Bradshaw haunted the Great 
North Boad; Duval, Macheath and Maclean 
preyed on those who traversed Hounslow 
Heath, Finchley Common and Shobter’a Hill; 
whilst here and there along the roadside 
could still bo seen gibbets with the z-emains 
of one robber or another hanging from 
them. 

The Turnpike Roads 

It was the rebellion of 1746 that eventually 
led the British government to make an effort 
to improve the roads of this country. The 


Opposition to the Turnpikes 

Highlanders, without wagons or luggage of 
any description, invaded England and 
travelled nearly half-way to London before 
any seriozis attempt could bo made to chock 
them. London itself Imcw izothing of the 
invasion until many days after the Scots had 
left Edinburgh, and their znobility put the 
English army hzto great difficulties because 
the bad roads delayed and hamporod the 
cavalry and the artillery. The rebellion, 
however, was put down and the government 
immediately gave its mind to improving ihc 
roads, both for the pinpose of better com- 
munication between London, Scotland and 
other parts of the country, and to onablo 
troop-s to bo moved about the country more 
rapidly. 

The main means of improving the roads 
was to extend the turnpilie system, but at 
once it met with opposition from tho very 
people who would benefit most by good 
roads. The road travcllors, while they 
grumbled at the state of tho roads, neverthe- 
less were highly incensed at having to pay a 
tax for passing over roads which had been 
improved. They wanted tho new roads, but 
they did not want to contribute towards their 
upkeep. Bodies of armed men znovod frozn 
place to place destroying tho turnpilios and 
razing the toll-houses to tho ground. All 
along the Great North Rood, in yoi'kshiro 
and in the outer districts of London, the 
sternest resistance was put up agahist tho 
new system. And in distiicls where there 
were no riots, tho prejudice against the turn- 
pilce roads was so strong that the ootuztry 
people would not use them. 

Further opposition came when Parliament 
was petitioned not to extend the turnpike 
system, but the petition came from the very 
people who had already benefited by having 
turnpike roads. Their grounds of complaint 
wore that if the system wore spread into 
remote parts of the ooimtry where labour 
was cheaper, the farmei's there would be able 
to sell their agricultural products at cheaper 
prices than the farmers nearer London. In 
spite of all the opposition, however, tumpiko 
legislation wont on, and between 1760 and 
1774 no less than 462 Acts were passed 
for making and repairing roads; but the 
thoroughfares still remained in a very zm- 
satisfactory state, maiizly because so little 
was known about road-making. The old 
roads wore either avoided or else the deep 
depressions in them were filled up with any 
type of stone that happened to bo handy. 
The stones were simply thrown in and 
roughly spread out, and carts and wagbtts 
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left to onirfi them into eome sem.hlBahx& ijf ^ 'tvom. the many himdiedq of mediQoee 
toad. Any person who desired to take np builders nho thus set to work there emarged 
the trade of road-maker could do so, for it John Metcalf, commonly known, as “Blind 
was not considered necessary that such a Jack of Knaresborough,” who may fee paipad 
one should possess any special knowledge the first great Bnghsh road-mak^' 
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Thomas Telford 


John Metcalf was born at Knaresborough. 
in Yorkshire in 1717. He was the son of 
working people and at six years of age lost 
his sight following an attack of smallpox. 
Otherwise he was strong and healthy, 
learned to play games with boys of his own 
age, learned to swim and, later, learned to 
ride a horse. The whole of the district 
around Knaresborough he knew like a lx)ok 
and, in .spite of his bUndness, he could find 
his way anywhere, even onthe most dangerous 
roads. Metcalf gi'ew up to bo a man of 
parts, and in the course of time saved 
money, bought Ms own horse, and eventu- 
ally married. In the rebellion of ’45 he 
enlisted, journeyed through Scotland with 
the army, and after the English victory 
at CuUoden returned to Yorkshire, where 
for a time he traded in goods of various 
kinds between Scotland and his home 
county. 

Metcalf’s Life-work 

It was in 1765 that Metcalf found his life- 
work, for in that year an Act was passed 
authorizing the construction of a turnpike 
road between Harrogate and Boroughbridge. 
The surveyor who had to appoint the con- 
tractor for the road was in some difiScuIty, 
since in that remote part of the country 
suitable and capable persons for the task 
were difficult to bo found. Metcalf, a shi'ewd 
and far-sighted man, realized that if he could 
make a road satisfactory to the surveyor 
many of the new thorouglifares which wore 
still to be built might fall to liis lot. When he 
offered to construct three miles of tho pro- 
posed road between Minskip and Pearnsby 
the surveyor gladly agreed, and Metcalf sold 
his trading wagons and started on the new 
work. 

His greatest feat was the construction 
of the road between Huddersfield and 
Mauehciter, which he agreed to make at so 
much a rood. His tender was submitted 
before the line of the road had been agreed 
upon and he discovered eventually that the 
surveyor had laid it across some deep marshy 
ground. To dig out the whole bog would 
have been a tremendously long and costly 
task. Metcalf protested to the trustees, but 
they would not give way; he considered 
the project before presenting himself to them 
again, this time with the proposal that if 
they would allow him to construct the road 
across the bog in his own way he would 
rebuild it to their plan at his own cost if it 
proved a failure. This plan was agreed, 
and as Metcalf had only- ten months in 


which to construct the whole ten-mile 
stretch, he set to work at once. 

Metcalf began by cutting a deep ditch along 
both sides of the road, throwing the loose 
earth inwards. Along tho boggy part the same 
procedure was carried out, but heather and 
ling were pulled up from the bordering 
ground and bound together into round 
bundles wbioh were then placed side by side 
in rows in the direction of the lino of the road. 
Further bundles were then laid across them 
and the whole pressed well down. Stone and 
gravel, carried in wagons with broad wheels, 
were spread, over the bundles to make a 
firm surface, and when the road was com- 
pleted the section over the bog was as sound 
and as firm as the rest. 

Telford and the Carlisle-Glasgow Road 

Another great road engineer in Britain 
was Thomas Telford, who was born in 1767 
at Westerldrk, Scotland. By the time he had 
grown to manhood the progress of hidustry 
and trade and the faefiities for travelling 
rapidly by stage-coach to and from the 
principal towns in England wore very much 
in the public mixrd. The roads had certainly 
been improved but there was still a tendency 
to allow some of thorn to fall into decay, and 
many of them had boon so badly constructed 
that very little laxity in maintenance soon 
left thorn in a poor condition. In 1814 a 
Parliamentairy Committee reported that the 
Carlisle to Glasgow rood was in such a bod 
state that it caused serious delay to the mail- 
coach and was a source of considerable 
danger to traveUers. The road trustees could 
do nothing, apparently, and in 1816 an Act 
of Parliament was passed to reconstruct the 
road as a national undertaldng. Thomas 
Telford was appointed the engineer in charge, 
and the road he constructed was sixty-nine 
miles in length. 

In building the road, his first object was to 
keep it as level as possible in order to assist 
draught horses; his second, to malce the 
middle of the road as solid and substantial 
as he could so that it should be able to bear 
the heaviest weights it would be called on to 
withstand. In attaining his second object be 
laid a double “metal” foundation, tho lower 
layer of which consisted of flat stones, seven 
inches deep, all carefully set by hand with 
the broadest ends downwards; all crossfaonded 
and jointed, and none of them more than 
three inches wide on top. The spaces 
between them were filled np with smaller 
stones which were wedged in by hand, the 
whole layer having a perfectly Sven surface. 


John McAdam 
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The Tippei: oonrse, or layep, was seven inches 
deep and oonsistcd. of whinsfiones not more 
thap six onnces in weight, and each of such 
a size that it wonld pass through a ring 
two and a half inches in diameter. Over 
the top layer, gravel to the depth of an inch 
was laid, and a drain crossed under the bed 
of the bottom layer at every 100 yards, 
going to a ditch. 

The success of Telford’s road led to a 
great number of others being built. Coach- 


building had vastly improved, and the 
comparative ease of travel on the new road 
stimulated the desire for more rapid com- 
munication. All over the country surveys 
were made and roads laid out, and the rate 
of travel possible in stage-coaches jumped 
from five to ton miles an horn. 

About the same time that Tejford built 
his first road John McAdam, a 
merchant, became mterested in 
of the roads, owing to the fact thsit 
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trustee oi a road in Ajrsliire. Legislation at 
the time was tending to be directed at the 
width of Ihc wheels of road vehicles, and 
McArtara felt that it was misapplied. In his 
opinion it was iho looseness of road surfaces 
which was the cause of roads wearing so 
badly, and not the width of the carriage 
wheels or the sort of material of which the 
roads were made. He liad come to the 
coneln.'.ion also lhat a hard, solid foundation 
wa.s not entu'oly necessary. He worked out 
a system for road conatruetion, and when 
lie was later appointed amweyor- general oi 
the British roads he put his method to the 
test. His system was to use granite, green- 
stone or basalt and to break it up into sharp 
angular pieces of approximately the same 
size. These were merely laid in the road 
after the bed had been dug to a rea-sonable 
depth. Then, while the pieces of stone were 
being consolidated by the traffic passing over 
it, the road was carefully watched and any 
iiTCgularities that showed were filled up until 
in a comparatively short time a hard and 
level surface resulted, after which no repaira 
were necessary for many years. 

Hardcore Foundations 

MoAdam’s .system proved absolutely 
effective and is used at the present day. 
More recently “hardcore” has been sub- 
stituted for the broken granite, though the 
latter is retained as a surface material. 
Hardcore consists of big stones or a mixture 
of old bricks and concrete broken up into 
lumps about nine inches in diameter. The 
top layer of earth is dug away to the required 
depth and the hardcore laid out on lop of 
the foundation. This is then rolled -with a 
very heavy roller which crushes the hardcore 
into a solid mass, and on to]) of this is laid 
the broken granite, the whole being strewn 
with a loamy sand and water to fill \ip 
the cracks, and then rolled until it is a firm, 
hard surface. When it has dried out, 
and not before, traffic is allowed to pass 
over it. 

The original type of macadamized road, 
while it was completely satisfactory for 
honso-drawn vehicles, could not bo expected 
to withstand tho faster and heavier motor 
vehicle. McAdam’s roads were imimoved by 
the horse-drawn vehicle, since every load 
a-ssisled in binding and consolidating the top 
surface; but motor-cars depend on the grip 
of tho driving wheels to propel them, and 
instead of binding the surface material they 
lend to p\ill it apaa-t. The rubber tyre pass- 
ing over a water-bound road dislodges single 


stones here and there, thus allowing rain and 
other moisture lo penetrate below the surface, 
undei'niining the whole road foundation. 
Motor traffic therefore req\iircs a smoother 
surface, and heavier foundations which can 
resist heavy loads as well as the sudden 
compression and relaxation attending the 
passage of swift-moving traffic. 

Modern Arterial Roads 

To-day our main arterial roads stretch 
through the very heart of tho country and 
great oare and expense is involved in planning 
and construoting them. ¥01 tho most part, 
such roads consist of one carriageway, but in 
America two carriageways of narrower width 
running parallel with each other are favoured. 
While the broad, single carriageway allows for 
a greater volume of traffic, the duplicate 
system makes for greater safety, siiico tho 
risk of head-on collisions is entirely averted. 
Ill Britain the arterial road system has 
naturally been buUt up from existing roads, 
which have been strengthened and repaired 
section by section. 

The arterial roads for the most port are 
macadamized ; but nowadays, instead of 
applying sand and water to the top surface to 
bind it together, it is usual to treat it with 
hot surface dressings, such as tar and 
bituminous emulsions. These dressings are 
applied on a perfectly clean road surface in 
warm weather, after Avhich grit or granite 
shingle is thrown down and rolled in. 

One of the advantages of a niacadamized 
road which has been covered and sealed ivith 
tar or bitumen is that it is to a large extent 
free from the nuisance caused by dust 
flying up as a motor-car passes along it. 
The old type of road, because of the amount 
of dust thrown up from it, ivas a constant 
source of danger to the motorists themselves 
and tho dust ruined crops growing along 
either side. While the road with a bitumin- 
ous covering is undoubtedly superior for 
fast-moving traffic, its great disadvantage is 
the slippery nature of its surface. The search 
for a durable material that will hllow motor- 
cars to travel swiftly b\it at the same time 
will be free from a slippery surface occasions 
much experiment by road engineers to-day. 

Concrete, either plain or reinforced, has 
also come into vogue, but the former is 
preferred. Reinforced concrete is specially 
favoured for roads subject to fast-moving 
traffic and is used on many of the new arterm 
and by-pass roads throughout Britain. It 
is much employed, too, in America and on 
the European continent. 



Problem of the Congested City Stieets [ 229 ] By-pass Roads 

One ofthe problems that the road engiiieora by-pass sections which pass around the 
u have to solve has come about congested areas instead of through them, 

through the congestion of the roads in built- Thus, a motorist on a through journey is 
up ai'oas. Arterial roads pass from one town enabled by moans of the by-pass to circum- 
to another, and the highways traverse busy vent the busy towns on his route and proceed 
cities. In crossing London, for example, on his way more quickly. 



Reminiscent ot the aTrow-Uke directness of the Roman road-buUders — a fine stretch of modem arterial roadtrey 
at Kenyon Junction, near I.elgh, Lancashire, viewed from the air 


during the busy hours of the day it may take By-pass roads are seldom less than thirty 
a motorist an hour or even more to make his feet hi width and are more often than not 
way through. Such travellers in transit constructed of concrete with footways on 
add to the congestion in the city streets and either side. Another feature of the same 
slow down the traffic still more. In order to system is the road that completely encircles 
overcome this difficulty the main roads, as a city some half-dozen miles or so from its 
they approach big towns, are provided with hub and enables traffic to pass around from 
9 
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one quarter to another outside the congested 
area. 

In Germany, recently, construction was 
begun on a highway 112 miles long around 
Greater Berlin. The object is to enable 
long-distance traffic between the cities of 
Germany within a radius of 150 miles of the 
capital to by-pass the congested area. Tire 
main highway is to pass from Henningsdorf 


in the north, eastwards to Buch, turning 
south by Alt-Landsberg and Kalkberge to 
Priedersdorf, where it turns west through 
Dahlewitz and Saannund, bearing north at 
Ferch and Phoeben. It was originally 
planned to make radial traffic arteries to the 
centre of the city, but these were eventually 
abandoned. Branch arteries to such towns 
as Frankfort, Breslau, Stettin, Dresden and 


Leipzig will now join up to the main arterial 
circuit. The new highway will make it 
necessary to construct eighteen railway 
crossings and over 200 bridges and viaducts, 
two of which will be respectively 3,300 and 
5,000 feet long. 

The Military Road 

Roman roads, as we have seen, had 
definitely a military 
function, for on them 
the legions could swiftly 
travel to a danger spot 
and there quell a rising 
or repel an invasion. 
Whenever military opera- 
tions are in contemplation 
the question of roads 
becomes of supreme un- 
portanco. Over the marsh 
a road may bo constructed 
of bundles of faggots; 
over less swampy ground 
a “corduroy” track of 
tree trunks laid trans- 
versely may be made; 
over the loose and shifting 
desert sand wire netting 
may serve to bind and 
anchor the road. When 
a punitive expedition 
goes into undeveloped 
terrain it will have to 
take Avith it an army of 
road builders scarcely loss 
important than the fight- 
ing men themselves. 

In Germany, there are 
many fine roads running 
from Berlin to the sur- 
roimding frontiers, and 
Italy also has some mag- 
nificent roads. Many of 
these thoroughfares, 
althoAAgh used extensively 
fox ordinary traffic, arc 
essentially of military 
importance and have 
been built primaiily Arith 
the latter end in vioAV, 
The mechanized armies of to-day must have 
good roads which can AA-ilhstand the passage 
over them of enormously heaA^y guns, of 
armoured cars and tanks, of lorries and 
tenders hearing loads of war material. Hence, 
on the Continent, the military road is assuming 
great significance. Log-roads, like those 
that were constructed diuing the Great War, 
Avill be virtually useless in future conflicts. , 



The wadening, straightening and general improvement of existing roads to cope 
with the greatly increased volume of road traffic has brought with It the companion 
task of clarifying signposts. This direction Indicator on the Gloucester by>paS8 
cannot leave much doubt in any road-user's mind 
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Milan to Lake Maggiore 


The German roads made especially for fast 
motor traffic are called autobahnen and, 
as a rule, consist of two carriageways 28 
feet wide each, separated by a dividing atrip 
of 16^ feet. The most important of these 
fast motor roads are the Cologne-Bonn, 
Munich- Salzburg, Hamburg-Lubeck and 
Franlcfort-Darmstadt roads. The last-named 
is about l.'J miles long, 8^ miles of which 
are surfaced with concrete, 5 miles with 
bituminous substance, and the remainder 


Tlierc are no speed limits on the autostrade, 
and drivers of all nationaUties may bo seen 
on them trying out their ears to fullest 
capacity. All autostrade have either asphalt 
or concrete surfaces, and the first to be 
completed, in 1926, was that from Milan to 
Lake Maggiore, with branches to Lakes Como 
and Varese. 

The first 20 miles of this autostrade is 
33 feet wide with two side tracks of 6| feet 
each. For tlie remaining 33 miles the road 



A. boldly conceived effort of the modern Romiin road^bvllders. Tbe recently opened Via dell* Impero» Rome— 
a broad avenue driven through from the Victor Emmanuel Monument to tbe Colosseum 


with stone setts. It traverses forest and 
agricultural land and has twenty-six bridges 
and road crossings. Altogether, nearly 1,000 
miles of such motor roads are under con- 
struction in Germany. 

For many years Italy’s rood system was 
the most imsatisfaotory in Europe, but under 
the Fascist government it has been made one 
of the finest in the world. Among the many 
roads that have been built or are in course of 
construction are eight highways expressly 
for fast motor traffic. These roads are 
called autostrade; they are not part of the 
ordinary road system, but are toll roads 
which, although authorized by the govern- 
ment who partly bear the cost, are built by 
private corporations. 


is 26 feet wide with two side-tracks of five 
feet each. 

The curves on the road have a radius of 
1,640 feet and the gradients are very easy. 
AJl tbe autostrade are constructed with a 
very slight gradient, and in that respect 
the'modern Italian is following in the path 
of his Roman exemplar. 

The Rome-Ostia autostrada is 14} miles 
long and has the standard width of thirty- 
three feet; this road is toU-free,* having been 
entirely constructed by the government. It 
is lighted by 2,000 lamps. The Milan-Turin 
is another autostrada and will eventually he 
extended to Venice, thus crossmg Italy from 
west to east. This first stage in its de- 
velopment is seventy-eight miles long; it 
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The Apennine Pass 



Courtesy of German State Railways 


has twenty - two large 
budges, one of 1,000 feet 
over the River Scsia and 
one of 1,138 feet over the 
Ticmo 

One of the biggest feats 
that has been aceom- 
pliahed in Italy’s road- 
building is a special 
transport highway to con- 
nect up the important 
port of Genoa with the 
Milan-Turin road. The 
first section of the road, 
from Genoa to Serravalle, 
a distance of twenty -nine 
miles, had to cross the 
Apennine Pass to Oiovi. 
In order to avoid steep 
gradients, great tunnels 
were blasted out of the 
solid rook. In all, there 
are eleven of these tunnels 
with a total length of 1^ 
miles. One of them is 
2,996 feet long and 
another 2,962 feet. In 
addition to these there are 
twenty-eight bridges. 


In Germany, n great nettrork of 
national roode — called the Balehs- 
mtobtthnan — la gradually being 
WOTOD. Tbe broad double car- 
riageway seen hero la on a 
aectlon between Munich and 
Holtaklrchen 








bS^g syatem of roads, reserved exclusively for motor traffic, which Is 

bln^psX^W^^ murnlnated by powerful 
} eacD Slue. The Italian road-builders are thus worthily canylog on a great tradition 
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The Californian “Big Tree” 


CHAPTER XTH 

THE LARGEST PLANTS OF ALL 


AMONG the deep, forest-dad mountain 
valleys of eastern California, under the 
shadow of the mighty peaks and ridges of 
the Sierra Nevada, what are probably the 
largest of all living things have their home: 
they are the famous “big-trees,” or giant 
sequoias {Sequoia gigantea), and they are 
found growing natmally only amid this 
grand and rugged mountain scenery — ^the 
finest in the United States — and nowhere 
else on earth. 

Californian Giants 

The sequoias are cone-bearing, evergreen 
trees, related to the fir, cypress and spruce, 
but even the loftiest Norway spruce would 
he pitifully dwarfed beside one of these 
Californian giants. Erom the massive base 
of its straight, gracefully tapering trunk to 
its topmost branches the “big-tree” has an 
average height of about 276 feet; but in- 
dividual specimens — ^veritable giants among 
giants — ^have far outstripped the average, 
and probably an estimated extreme height of 
a little over 400 feet — ^forty feet or so higher 
than St. Paul’s Cathedral — ^would not be 
exaggerated This is the dimension claimed 
for a celebrated sequoia known as the 
“Father of the Forest,” which stood for 
centuries with about a hundred of its fellows 
in the Mammoth Grove of Calaveras County, 
California, though a large portion of its 
pillar -lilje trunk has long lain prostrate on 
the ground. At the base this venerable 
giant had the enormous circumference of 
•110 feet, while even 300 feet above the 
earth its girth was forty feet. The hollow 
cavity of the fallen trunk forms a huge 
tunnel lofty enough for a man to enter on 
horseback. 

The “Mother of the Forest,” a neighbour 
and flatting companion of this splendid tree, 
has been dead for many years — the result 
of an intolerable piece of vandalism, when a 
considerable amount of its bark was removed 
for exhibition in the Crystal Palace. This 
“big- tree” was 327 feet in height. 

The Californian “big-tree” has the peculi- 
arity of being found only in isolated groups, 
of wliioh there are but ten altogether. The 
l^mmoth Grove was discovered by a hunter 
in 1862 — a period at which the greater part 
of the West was still wild and unexplored — 
and it is reputed to contain the largest and 


finest trees of all. But scarcely less imposing 
and far more numerous are the “big-trees” 
of the Mariposa Grove, farther south, 
several of which have a greatest circumfer- 
ence of more than 100 feet. 

The great height of the sequoias is accentu- 
ated by the bareness of their column-like 
trunks, which may rise for 130 feet or so 
before any large branches are reached. The 
boughs are bent and drooping, and they aro 
short in comparison with the height of the 
tree; whilo the tiny evergreen leaves are 
born densely on branchlets springing from 
the main boughs. 

Towards the base tho reddish bark of the 
“big- tree” frequently attains the immen.se 
thickness of eighteen inches; it is also very 
rugged and seamed and hea^dly marked 
with upright ridges and furrows. Above the 
great roots these ridges swell out to form 
enormous buttresses, broad and high enough 
to conceal several men, which firmly brace 
the lofty trunk against the pressiue of the 
wind. The average diameter of these great 
trees, measured near the ground, is about 
twenty feet, but in exceptional specimens 
this may be almost doubled . In height alone , 
Sequoia gigantea is on the whole exceeded 
by the closely related redwood and by the 
eucalyptus, or gum-tree, of Australia, but as 
regards weight and bulk it is very unlikely 
that it has any rival in its claim to be the 
largest of living things; it is certainly the 
largest of all conifers, and this leaves in 
the field only the great gum-tree, regarding 
which we shall have more to say. A com- 
parison with the animal kingdom is illuminat- 
ing. -The largest and heaviest of all known 
animals, existing or extinct, is the great blue 
whale, which in extreme cases may attain a 
length of over 100 feet, and "a weight of more 
than 200 tons; while the weight of one of 
the largest and finest “big-trees” has been 
estimated at more than 6,500 tons. 

The Oldest of All Living Things 

The question of the age of these trees has 
given rise to much speculation. A section 
cut from a very large specimen is exhibited 
in the British Museum of Natural History, 
South Kensington, and its annual growth 
rings reveal an age of more "than thirteen 
centuries. Outstanding dates in the world’s 
history have been inscribed successively upon 
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Wifli its trunk shapod like a bottle — the 
Australian Bottle-Tree (StereuHn 
Tupestrti) and (right) the 160 feet Kauri 
Pine (Dammara australis), found In New 
Zealand, which was regarded as sacred 
by the Maoris 

the rings, so that the interested 
observer can trace the life of this 
great tree through the centuries. 

There is little doubt that the 
largest sequoias are among the 
oldest of all living things; one 
colossal specimen exhibited the 
growth rings of 2,425 years, 
though this would seem to be the 
oldest ever examined. During 
the early infancy of this aged 
giant the civilization of the Greeks 
was reaching its zenith, and the 
might and glory of the Roman 
•Empire had not yet been dreamt 
of! 

The great sequoia is very 
hardy and tenacious of life, and 
in the warm, sheltered valleys of 
the Sierra Nevada, where it grows 
to perfection, it has little to fear 
from climatic changes. Even 
forest fires, which annually de- 
stroy countless trees, can do it c<iurttiyoJ(htAvstrafumNatu)niilTftaul4.S3n.»iuttltslfmZs»l»ilSSovt 


little harm, for it has the power of healing 
up great wounds in its bark by a protracted 
process of covering them over with new 
B'ood. 

The only other existing species of sequoia 
is the so-called redwood {Sequoia semper- 
virens), which grows only along a narrow 
strip bordering the Pacific coast of Norfli 
America, from southern Oregon as far south- 
wards as San Francisco; it is not found in 
localities free from heavy fogs and rain, 
which scorn to be essential to its welfare. 
The redwoods grow thickly massed together, 
the closely-serried rows of their lofty stems 
making a fine spectacle. Though taller on 
an average than the ‘’big-trees,” and .some- 
times reaching a height of more than 400 feet , 
they are not so thick as their big relations 
and do not contain so much 'timber. How- 
ever, the timber of the redwood is, of the 
two, much more valuable in joinery, and in 
consequence the numbers of these magnificent 
trees, which at one time formed dense forests, 
have been sadly depleted. 

The redwoods have great, red buttressed 
trunks, similar to those of the ‘’big-trees”; 
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but they are, if anything, more graceful, 
especially m youth, when thoir long, pendant 
branches touch the ground. This sequoia 
owes its specific name of sempervirena — 
“ever living *’ — ^largely to its power of passing 
without serious harm through the most 
devastating forest fires, for the trunk of 
the living tree contains a considerable amount 
of water, with little inflammable matter, 
and ivill not burn in consequence. More- 
over, the redwood has great vitality, and 


even when cut down to the root, it will 
spring up again and again from the same 
stump. 

Though so restricted to-day in their natural 
habitat, there is abundant evidence that the 
giant sequoias were at one time fairly 
common throughout the more equable parts 
of the northern hemisphere, including the 
British Isles. But during the Glacial Period, 
when vast regions of the northern latitudes 
were covered with a sheet of ice, the sequoias 
almost entirely died out, surviving only in 


those regions of the United States bordering 
the Pacific where they are still found to-day. 

Everywhere throughout the dense, dusty 
bush and sombre forest-land of Australia — 
and notably in the vast district of Gipp-sland, 
in south-eastern Victoria — flourishes the giant 
gum-tree, or eucalyptus, which is a relative 
of the myrtle and is distinguished, as we 
have already indicated, as bemg the tallest 
tree in the world. This splendid gum 
{Eucalyptus amygdalvna) has a uniformly 
round bole and smooth stem — 
in strong contrast to the furrowed, 
buttressed sequoias — ^which rises 
for a height of sixty feet or so 
before any branches appear. The 
long, leathery leaves of the gum 
hang downw'ards and have their 
edges turned towards tho sun, so 
that the shadow which they cast 
is scarcely perceptible ; distilled 
w’ith water, they yield a variety 
of the familiar eucalyptus oil. 

Tho groat gum is on the whole 
loftier, though relatively more 
slender, than the sequoias, and in 
some districts there are many speci- 
mens with an average height of 
more than 300 feet. But these 
dimensions may bo exceeded con- 
siderably on occasion; in 1930, 
for example, according to ofBcial 
records, the largest tree measured 
had a height of 346 feet. The 
largest gum on record — and per- 
haps, also, the loftiest tree that has 
ever been known — ^was discovered 
lying on the ground in Victoria; 
it had the colossal length of 470 
feet, with a maximum oiioum- 
ference of eighty-one foot. 

Although eucalypti aro quick- 
growing trees, the timber of most 
of the numerous species is very 
hard and dense, and is therefore 
employed extensively for carpenter- 
ing and shipbuilding. One well- 
known species, the blue gum, has been 
planted in large numbers in Egypt, India, 
Natal, Algeria, the marshy Roman Cam- 
pagna, and many other localities where 
malarial fever was formerly very prevalent; 
and in most cases the direct result has 
been to convert a pestilential region into 
a salubrious and habitable one. The 
improvement is not attributable to the 
antiseptic vapours given out by the oil- 
secreting leaves, as was formerly imagined, 
but to the drainage of an enormous amoimt of 



Courtesy of the AfUtraluin Naitoiuil Travel Assn. 


The straight trunX of the Australian Gum Tree often towers 100 feet 
or more without a branch. Gum trees lose their bark, wftick Hakes 
oft in long curling pieces, but retain their leaves 
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K Giant Cactus <Cereu« glganteua) at the American Dry Lands, nearly 40 feet high. Note the holes in the upper 

limbs— the nesting-places of deseit birds 


9 * 



Tiees that Statt as Fatasites 


[ 238 ] Banyans that Shelter an Entire Village 


water from the s-oil by the fireat roots The 
blue gum is afro .i giant, a heiaht of 375 feet 
— ten feet higher than St. Paul’s Cathedial — 
being on record for this species. 

If the giant gum of Australia is the tallest 
of trees, the one that covers the greatest 
space is undoubtedly the banyan of India 
and the East Indies, which is a close relative 
of the eoinmon fig tree. The banyan most 
usually commences its life as an epiphyte, 
or parasite, upon another tiee, frequently 
upon a palm. Seeds dropped by birds lodge 
in the Clown of the palm and there gei minute. 
After a while the young plant puts forth a 
number of slender aeiial roots, which groiv 
downward until they reach the ground, and 
then develop an ordinary root sj stem below' 


Phoio Richwdson 



CourUsy of the Southern RhoiUiitan Govt 


Huge shrubs of South Africa. The Gxant Euphorbia* or 
Candelabra Tree* from Rhodosla and (left) a beautiful 
species of Aloe* crowned by a scarlet plume, which grows 
m the desert lands of the South>West 

the surface. Gradually the aerial parts of 
the root thicken into stout trunks crowned 
ivith spreading branches, winch in turn throw 
out long peudidous rootlets towards the 
ground. 

The luckless palm that serves as a host is 
eventually strangled, hut the banyan goes on 
growing and spreading, throwing out long, 
prop-like, adventitious roots ad injinitum and 
in tune covering an enormous area. The 
huge, labyrinthine treo soon becomes the 
home of innumerable monkeys, hats, birds 
and insocta, and the uninformed traveller 
frequently mistakes it for a small wood or 
grove containmg many separate trees. It is 
not uncommon for an entire native village 
to be located under the generous shade of a 
single banyan. 

There is a well-known banyan in tho Royal 
Botanic Gardens at Calcutta, not yet a 
century and a half old, whose parent trunlc 
has a girth of more than forty feet; in addi- 
tion, there are between two and throe 
hundred upstanding, tninlc-hko roots, while 
the entire tree covers a space that is probably 
about 900 feet in oiroumference. But the 
largest banyan on record would seem to be 
a hoary old patriarch that stood on the banks 
of the Nerhudda River; described as a 




"Sentinel of the Savanna” [ 239 ] * An Enormous Banyan 



Couiitsy ofiht Soulhtrn Rkodestan Goxernment 
Known as “The Sentinel of the Savanna,” the great Baobab Tree (Adonsonl digitota) at Altlca bears a gourd-Ilke 
fruit called “Monhey Bread,” The tree on the right Is TT feet In circumference 

r ■ ’ phenomenon by the cap- 

tain of the fleet of 



Xhe nragon^'tree (nmcoeno droco), a native of the Canary Islands, Is remarlcable 
for Its longevity- Here is a magnificent specimen growing at Xa Laguna, Tauerlffe 


Alexander the Great 
during the return from 
tho latter’s Indian ex- 
pedition of 326 B.C., it 
Avas credited by another 
traveller tventy-ono 
centuries later Avith a 
circumference of more 
than 2,000 feet, even 
though a great part of 
it had been destroyed 
from time to time by the 
rising of the river during 
floods. In its prime, this 
enormous banyan is said 
to have been capable of 
sheltering no fcAver than 
7,000 people at once 
beneath the far-spreading 
canopy of its innumer- 
able branches. 

There is another flg, 
the Indian rubber tree of 
the East Indies, which 
also has a remarkable 
root system. This tree 
grows to a great size, 
and many of its roots 


Marvels of the African Baobab [ 240 ] The Dragon-tree 

protrude, partially exposed, above the surface yields a cooling drink containing niuch citrate 
of the ground; so that in an old bpecimen of magnesia. 

they resemble an aimy of enormous snakes The bark of the baobab has medicinal 
or lizards, all ’imthing in fantastic and properties, and its fibres are woven into 
contorted attitudes around the base of the ropes and native cloth, bnt the wood is far 
gigantic trurJe. loo soft to have any value as timber. The 

Oneof the most remarkable of all the many baobab flourishes throughout the hotter 
strange plants found in Africa is the baobab parts of Africa and Madagascar, and it has 
tree, which can probably daim a double been introduced successfully into trojneal 
record in regard to age and the thickness of districts in other parts of the world. It is 
its trunk. In height this tree is not at all believed by botanists to be among the longest- 
exceptional, but its squat, sturdy stem may lived of all growing things, and very largo 
grow to the enormous thickness of tliirty specimens have been credited by some 
feet, or even more; so that, the wood being authorities with tho enormous Hjian of 
very soft, it is quite common for it to be 5,000 years. 

hollowed out by the natives and made into in the Canary Islands, and especially in 
a house, capable of accommodating an entire the island of TenerifEe, grows the cliagon- 
family in comfort. The branches of the tree, which is related to the yucca of our 
baobab droop Ioav towards the ground, botanical gardens, and is celebrated alilte for 
covering the tree with an enormous, round its longevity and for the enormous girth 
mass oi foliage; and the biggest branches attained by its trunk; incidentally, it yields 
may themselves be several feet in thickness, the valuable resin known as “dragon’s 
The large leaves of this curious tree, pounded blood.” The growth of the dragon-tree is 
up, form a staple article of diet among the very slow, but it seems to go on indofinitoly. 
natives of tropical Africa, while the juice of A large specimen examin^ by tho famous 
its large fruit — ^known as monkey bread — scientist, von Humboldt in 1799 was found 





Trees 5,000 Years Old 


[ 211 ] Prodigious Height of Tropical Ferns 


Covrtfsy of ihe Now Ziolund GovefnMenf 

A AOble specimen of the handsome Tree Fern (rowing on the shores of a Kew Zealand lake. The drooping 

fronds often attain a l^gth of 25 feet to 30 feet 


to he about 75 feet in height and 50 feet in 
girth ; in the centre of its immense trunk there 
was a spacious cavity ten feet across. When 
Teneriffe was conquered by the Spaniards, 
at the end of tho 15th century, this splendid 
dragon-tree was scarcely any less in size, and 
from careful observations of the rate of 
growth of these trees its age has been placed 
at more than 6,000 years. It was still in 
a flourishing condition when its long life 
was abruptly terminated by a hiurioaue in 
the year 1868. 


The humble yet graceful ferns that grow 
in such profusion in the shadiest corners of 
our gardens and in the moist, secluded wood- 
land dells do not usually form very large 
plants; yet many of their relatives in the 
tropical and sub-tropical parts of tho world 
attain such a prodigious height and girth 
that they may practically be regard^ as 
trees The trunks of these giants are not 
composed of true wood, but of the densely 
compacted bases of the fronds; and m some 
species they are boldly marked with a spiral 



Ferns as High as Forest Trees 


Gigantic Relatives of the Grasses 



pattern of scars left bj* dead fronds as they 
fall ntvay. In large specimens the tough, 
tapering boles may rise, straight and bare of 
branches, to a height of fifty teet_ or more 
the stature of a forest tree — bearing a great 
crown of gracefully pendent green fronds. 


In many uncleared regions of the tropics — 
in Africa, Brazil, Australia and the Pacific 
Islands — ^the tree-ferns stand in dense groves 
and forests among the mountain ravines, 
forming such a beautiful, though strange and 
even fantastic, landscape as might have been 
familiar to the great lizards that Inrkod in 


the stifling heat of the primeval coal forests. 
But it is in the fertile soil of Norfolk Island, 
in the southern Pacific, that the tree ferns 
roach their greatest dimensions, and hero old 
specimens may tower to a height of sixty 
or even eighty feel, proudly vaunting their 
enormous canopies of 
elegant fronds over a 
groat area. Unfortu- 
nately, owing to the 
fact that the soft pith 
found in the trunk of 
the tree-fern is greatly 
relished by pigs, the 
numbers of this 
curious and beautiful 
plant have been 
greatly diminished. 

Prom the tallest of 
trees and ferns to the 
tallest of grasses is 
not so wide a remove 
as might be expected, 
for the bamboo, the 
largest of all grasses, 
not infrequently at- 
tains the height — 
though not the girth— - 
of a forest tree. It is 
one of the most quick- 
growing of all plants, 
and in some species 
may grow three feet 
or more in a single 
day; while after the 
first three months of 
growth, the green 
feathery crown of this 
remarkable grass may 
wave 120 feet or so 
above the ground. 
A bamboo stem has 
oven been knoAvn to 
reach a height of 170 
feet, which seems to 
bo a record. So re- 
markably strong and 
fibrous are these giant 
grasses, under their 
shiny, flint-Uke var- 
nish, that stems of the 
most extreme length 
have a maximum diameter of but little more 
than a foot, which in the case of the majority 
of real trees would be woefully inadequate to 
support a trunk of similar height. 

Throughout all the hotter parts of the 
world, but especially in tropical Asia, the 
dense, lofty clumps of slender bamboos are 


Photo: ih» late H. G, Ponimg 

Enormous grasses fiourisliing in a dense clump 100 leet hl^*^GiBnt Bamboos at 
Peradeniyai Ceylon. The bamboo has many commercial uses and is very common 

In tropical Asia 


Many Uses for Bamboo 


[ 243 ] 


Tall Canes of the Jungle 


one of the most familiar sights, and this 
ubiquitous grass has pou’erfuHy influenced 
the arts and industries of all the many 
peoples who have relied upon it for centuries 
to fulfil the multitudinous needs of their 
daily life ; indeed, it may he said -with truth 
that the East would not be the East without 
the bamboo. In many parts it is almost tlie 
sole building material known; and bamboo 
houses, when skilfully made, are strong, 
durable and cool, as well as pleasing to the eye. 
The split stems are woven into light and corn- 


even extends to the delights of the table, for 
the young shoots, nhen boiled, are not inferior 
to asparagus, and pickled in company uith 
the succulent rhizomes they make a very 
tasty condiment. 

In many eastern coimtries — China is a 
notable example — the economic life of the 
people is so dependent upon the bamboo 
that the plant is regularly cultivated on a 
large scale, and the extensive plantations of 
these monster grasses, covering many acres 
with their slender, waving stems and fre.sh 



Courtesy the Aststralmn National Tratet Assn, 
'Tutted Grass Trees, or "BSaiSc Boys," ol Western AustraUn. Tbese curious plants produce a mass of lont 

rush-llke leaves wblch are eaten by cattle 


fortable furniture, into mats and partitions, 
and into basket-work of extreme fineness. 

Excellent buckets, bottles and cooking 
utensils are furnished by simple cross sections 
of the larger stems, the stout partition that 
closes each, joint forming the bottom; while 
whole stems with the partition bored 
throughout are in many lands the only 
available water conduits for tanks and 
fountains. Bridges, ladders, poles, ropes, 
cables and the masts of ships — as well as 
spears, hows and arrows among the iostru- 
ments of war, and pens and paper among 
those of peace — are aU furnished by the 
indispensable bamboo ; its ample bounty 


green leaves, make one of the most delightful 
of ordinary spectacles. 

Almost rivalling the bamboos in economic 
importance, but far outstripping them in 
length, are the so-called "rattan canes,” 
which actually are palms, though in the state 
in which they are usually encoimtered iu 
commerce they bear very little resemblance 
to the popular conception of a palm. The 
rattans, of which many species exist, are 
among the conunonest plants in the dense, 
steaming jungles of the East Indies and the 
tropical regions of Afidoa, India and China, 
their great profusion and intense toughness 
making them one of the most formidable 



[ 24+ ] Weird Stalkless, Leafless, Carrion Flowers 


Rattan Canes 500 feet long 


obstacles to a jiassngr through the forest; 
for the leaves of the rattans are furnished 
with numerous long, hooker! spines, hy means 
of which they are able to cling to other plants 
and drag themselve.s upwards through the 
dark foliage towards the sun. These sjjines 
are never seen in imported canes, since they 
are stripped off by the natives before the 
rattans are dried and marketed. 

So stern is the struggle for existence in 
tlie crowded condition of a tropical forest, 
w'here hundreds of plants of different kinds 
are thirsting for the life-giving sun, that the 
slender, climbing rattans may have to 
insinuate their w'ay upwards for hundreds of 
feet before they reach the roof of the forest 
and attain their goal; and for this reason 
these indomilnblo palms have probably the 
longest stems in the whole of the plant world, 
often reaching the enormous length of 
600 or 000 feet — through the wdiole of which 
distance, it may be remarked, the sap has 
to be eeaselesdy driven upwards by the 
root, in order to supply sustenance to the 
plant and compensate for the heavy loss of 
moisture in the tropical heat. 


Among the multitude of useful things 
fashioned in the East from the tough, 
fibrous and flexible stems of the rattans are 
ropes, mats and many forms of basket-work, 
w'hile in the West they form the familiar 
implements for clearing obstructed flues and 
pipes, and are also used, after being cut into 
strips, for oaning chairs. 

Flowers of extraordinary dimensions are 
not uncommon in tropical lauds, where in 
practically every detail of creation Nature 
has set about her work with a prodigality 
unknown in cooler olimes. So it is not 
.surprismg that the largest of all known 
flowers should bo found, though even tlien 
but rarely, in the dark, hot-house atmo5])here 
of the luxuriant jungles of Sninatrn, where 
tigers and elephants roam tlnough the dense 
undergrowth and where bats, apes and 
gigantic spiders populate the gloomy realms 
below the tree-tops — a fitting home indeed 
for this most fantastic, most repulsive and 
most unreal of all blossoms. The Eafflasia 
apioldi— ii has no European name otner 
than that given to it by botanists — is a 
parasite growing upon the exposed roots of 
a kind of v ino a nd drawing its 
sustenance from the life-blood 
of its host. It has neither 
stalk nor leaves of its own, 
and its roots are buried entirely 
within the tissues of the plant 
on which it grows ; so that all 
that is visible of Mafflesia is its 
pro digious, cabbage-lilte bud 
aii3] later, its enormous bios 
som. When the latter is fully 
open, its thick, fleshy, back- 
wardly-curlod petals — ^five in 
number — lie flat upon the 
ground, covering a space at 
least three feet across ; while in 
their midst lies the shallow, 
bowl-shapod vessel containing 
the anthers, which is capable, 
it is said, of holding about two 
gallons of water. The weight 
of the whole blossom falls not 
far short of fifteen pounds. 

The fertilization of Baffleaia 
is carried out in a wonderfully 
ingenioxis yet most repulsive 
fashion, for the monstrous blos- 
som is coloured I’cd lilco blood, 
while at the same time it ex- 
hales the nauseating stench of 
carrion, so that it can easily 
be mistaken for a mass of de- 
composing flesh. Attracted hy 



A peculiar fan-shaped plant from Madagascar which accnmulates quan- 
tities of water at the base of Its leaves— the Traveller’s Tree {Ravenalo 
modogaiatrlenslt) 
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Plants with the Largest Leaves 



itt'in* Gallouay, X.V. 

VTith a central yellow rim and five hu^e brlck'Ted petals wltb wbltlsb raised spots, 
Rajffiesia arnoldi, the largest flower Jn the world, measures three feet across and 
Is found in Sumatra 


Ingenious Method of Seed Sowing 

this lure, large numbers of 
flies visit the parasite and 
are even induced to lay 
their eggs within it; and 
through their intervention 
the pollen is carried un- 
failingly from one blossom 
to another. The sowing of 
the ripened seeds has been 
provided for in a mamier 
no less ingenious, thotigh 
perhaps loss certain. It 
must he borne in mind that 
these seeds will germinate 
only in the tissues of one 
particular vine, and if they 
were merely scattered upon 
the ground they would 
perish without taMng root. 

However, they are very 
sticky and cling tenaciously 
to the feet of elephants, 
rhinoceroses and other 
animals when the.se beasts 
are forcing their way 
through the jungle. Sub- 
sequently, these clumsy 
and unwitting gardeners 
jpay bruise the roots of the 
vine that is to servo as 
host, and at the same time 
leave a seed of liaffleaia in 
the damaged tissues. Here 
it establishes itself, striking 
its roots deep into the flesh 
of the vipe, which swells 
into a dome-shaped pro- 
tuberance, through which 
there at last breaks a 
monstrous hud. 

This remarkable plant was not .seen by a 
white man until 1818, when it was discovered 
in the dense Sumatran jungle by on e. Dr. 
i j^old and made kno^vn to the scientific 
world by Sir Stamford Rafidos, the ^eat 
colonial administrator, after whom it received 
its name. It is one of the rarest of plants, 
perhaps because the manner of its distribu- 
tion is dependent so largely upon chance. 

After the largest flowers, let us look at the 
largest leaves in the world, though here it is 
no easy task to come to a decision. Perhaps 
the largest of all simple loaves is that of the 
banana, which may be ten feet or more in 
length;, but in compound leaves — ^those 
made up of a number of separate leaflets — 
this length may be greatly exceeded, as in 
the case of many palms, particularly a mag- 
nificent species that is found in Brazil, in the 


damp, sultry heat of the Amazon valley. 
The highly compound, feather-like leaves of 
this splendid tree commonly measure forty 
feet in length, and have a width of six feet 
or more. From the same region hails one of 
the most celebrated of all plants, the pride 
of botanical gardens and of wealthy amateurs 
of horticulture throughout the world — ^the 
gigantic water-lily, Victoria Begia, whose 
round, floating leaves may boast the enor- 
mous diameter of seven feet. 

This water-lily is found growing in great 
profusion in the backwaters and swampy 
pools fed by the Amazon and its tributaries; 
but it is seldom, or never, found in 
stream — for it is a lover of 
Here it spreads out its aouriahes in ■ 

the full glare of the sun../i^nda border 
surface of the water 
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Couilesy of the Booth Ltne 


I/ike floating saucers on an Amazon backwater — Victoria Regia 

The great weter-Uly the leaves of which are sometimes twelve feet across 





Comtety of the Bntah Museum ExpedtUon to East Africa 

A H t h a recognizable as being akin to the common Groundsel 

tlt^^f water at Ae basl^*!^*® enormous Senecto algonensts, high up on an African mpuqtaln-'Sige 
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Bn^ksh Mttseum Expedition to East Afrtca Photo Painch Synge 

Cousin to tile tamlllar l<obdia of tiie garden bed and truly a botanical curiosity>--LobeIlo algonenrif This 
amaslng plant» **a great rosette of dark green leaves from which emerges an obeUsk-Uke spikCt** flourishes In a 
weird wonderland of giant vegetation^ lOiOOO feet up on Mount £lgon> on the Eenya-Uganda border 


The Gigantic Victoria Regia 
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Giant Lobelias of East Africa 



dainty little jacaiias — water birds with 
extremely long, slender toes — ^pick their way 
fastidiously all over these leafy rafts and 
step from one to another as though they 
were stalking over the dry land. The edges 
of the.se enriou.s leaves are turned up per- 


“ the jacana’s oven.” Underneath, the leaves 
are purple and are marked with huge corded 
veins beset vuth prickles. 

The flower of “the jacana’s oven ” is very 
large and beautiful, being more than a foot 
across, tinted white and rose, with a delicious 
scent. The enormous 
fruit yields floury 
seeds which are greatly 
relished by the 
Indians, so that an 
alternative name for 
the huge plant is 
“water maize.” Ac- 
cording to Alfred 
Russel Wallace, who 
visited Victoria Regia 
in its native haunts, 
the stems are capable 
of growing to a great 
length, for during the 
rainy season the flood 
water of the Amazon 
may rise as much as 
twenty or thirty feet, 
with the leaves and 
blossoms of this giant 
water-lily floating 
serenely on its surface. 

Many amateur 
gardeners would be 
not a Httle surprised 
to learn that the 
charming little blue 
lobelia of their flower 
borders has giant 
relatives of weird ap- 
pearance growing at 
an altitude of 10,000 
feet on the mountains 
of East Africa. Here 
too are seen in pro- 
fusion certain gigantic 
cousins of the common 
groundsel and the 
lady’s-mantle. It had 
been known that in 
this lofty region there 
were many botanical 
curiosities, including 
plants in which 
mountain life had 




pendicularly for two inches or so, like the rim 
of a large Eat tray, which gives the leaves 
such a strong resemblance to the wide clay 
ovens in which the Indians bake their broad 
of mandiocca flour, tbat tlxey are universally 
known throughout the Amazon valley as 


produced, strangely 
enough, a giantism — ^usually such conditions 
tend to bring about a dwarfing. In 1934 a 
British Museum Expedition went to East 
Africa to study plant and insect life, and by 
courtesy of the authorities we are able to repro- 
duce photographs of some of these “wonders,” 


Wonders of the Railway 
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Building Locomotives 


CHAPTER XVIJI 
WONDERS OF THE RAILWAY 

jp’OEi something like a century, trains liave In the niorlern steam-locomotive works. 

been wliMing day and night, carrying with its many “shops,” is an enormous 
countless millions of human ^inga to their variety of machinery, from the rolling mills 
destinations and bringing billions of tons of and huge hydraulic presses used to construct 
goods to the world’s markets. Day and great boilers, to the high-speed automatic 
night for a hundred years, pioneers have been machines which turn out small parts. At 
surveying desert and jungle and swamp, the the L.M.S. works in Derby a five- ton steam- 



Courltsy of the C.W.R, 

In the Erecting Shops at Swindon, showing engines in various stages of repair and a 100-ton overhead electric 

travelling crane lifting a 3-8-0 tank engine 


beasts of the wild prowling about their hammer is used to forge various locomotive 
camp-fires in the darlmess. Armies of men parts out of red-hot billets of steel. The 
have been tunnelling roads through the immense machine is controlled by one man 
adamant heart of the mountains. Still working one light lever, and the operator 
others have laboured in caissons at the bed becomes so skilful that in his forging he can 
of tho sea or with mighty rivers rushing by graduate the hammer from maiimum power 
them, planting the piers of great bridges, to a blow barely sufSoient to crack an egg. 
Viaducts have been built, spanning great Locomotive cylinders are cast from speoi- 
valleys. A century — and now the whole ally selected close-grained iron or steel, and 
land surface of the world is threaded with after casting are planed and bored and 
those parallel ribbons of steel which, linking turned. In the steam-cheats special machines 
country to country, have helped to bring the bore in one operation the holes to receive the 
nations of the world closer together. piston-valve bushes. In order to dead-fi-t 





Wheels and Axles 


Cutting Steel by Oxy-coal-gas Flame [ 250 ] 

them into the holes, the bullies ate “shrunk” steel .are shrunk to give additional strength, 
by being dipped in .1 tank of chemical Tlie axles are required to stand a tensile 
freezing mixture. Once inseited, the bushes strength of forty tons per square inch. The 
regain their nonnal size and make a tight locomotive wheels, made of cast steel, are 
fit in the casting. The trames formmg the next bored to receive the axle ends. These 
side.s of the under-cariiage are cut to the latter are forced in under hydraulic pressure, 
required .shape from .steel plates by the uqe The tyros, made of special steel, are then 
of an oxy-coal-gas flame. They are then shrunlt on to the wheels, 
slotted, drilled and tapped to receive the Boilers are designed to conform to the 
oyhndeis and “motion,” and the many other availa"ble space on the engine chassis, and 
components which are bolted on the loco- consist of a fire-box, a barrel, and a smoke- 
motive- chassis. box. The steel plates which form the fire- 

Steel nebs are machined and bored for the box are flanged by hydraulic presses which 
bars on which they are shrunk to form the bend the metal over the shaped dies. After 
built-up crank axles; or the entire axle may it has been furnished with its flue tubes and 
be forged from the solid. Round the webs, those for the superheater, and has been 
after these have been machined, hoops of filled with water-gauges, inieotors. safety- 




Testing the Boiler 


Track Tests 


[ !i51 3 



with her wheels revolving at top speed while the engine steads stlll~tJie locomotive "Cock o' the North” 

being tested tor hauling power at the Vltry ejcperlmental station, near Paris 


valves and the other accessories, the com- 
pleted holler is tested — ^first under hydraulic 
pressure and then at working pressure under 
steam. A highly important part of the work 
is the lagging of the entire barrel of the boiler 
with a “blanket” of asbestos or some other 
non-conducting material to prevent heat loss. 
Outside this come the clothing plates that we 
can see. The boiler is rigidly bolted to the 
frames only at the smoke-box end, since the 
barrel must be free to expand under heat; 
at the fire-hox end it is attached by means 
of expansion brackets that allow a certain 
amount of longitudinal movement. 

With its various component parts com- 
pleted, comes the erection of the engine. 
The finished fi'omo plates are set out on low 
trestles, and lines showing the position of the 
main parts are marked out on both sides. 
The frames are then mounted upright in 
adjustable forked stands and held together 
temporarily; brackets and stays are fixed, 
and then the oylinders are added. After a 
careful squaring-up and alignment, the frames 
are rigidly fixed to each other and the 
oylinders and other component parts per- 
manently seemed in proper position. Before 
the boiler is lowered on to the frames, as much 


as possible of the inside gear is fitted, At 
this stage the engine framework, complete 
with its boiler, is raised by an overhead 
crane, the wheels are run underneath and 
the locomotive carefully lowered on them. 
Valve and reversing gear are now fitted, 
together with the coupling and connecting 
rods. The bogie is next secured in position 
under the front of the locomotive, and 
springs and wheels are adiusted oorrcotly. 

engine is then painted and varnished 
and is ready for testing. 

Locomotive tests are carried out either on 
the open track under working conditions, by 
means of a dynamometer-car attached be- 
tween a locomotive and the train ; or else the 
trial is mode inside a weather-proof testing 
shed. Complementary to the lattoi' are such 
plants as the L.M.S. Derby research labora- 
tory in whose wind-tunnel the behaviour of 
models is observed. Air currents are sent 
through the tunnel at speeds up to 100 miles 
an horn; wind resistance is studied and data 
gathered as to how locomotives may be 
streamlined to the best advantage. 

The mechanism of the dynamometer-oar 
includes a special wheel with a hardened- 
steel tyre, which is ground to such a diameter 
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Dynamometer-cat 


Testing Shed 


that exactly 440 revolutions are made for 
every mile of track covered This wheel, by 
appropriate linkage, records on a moving 
roll of paper the speed at which the train 
is travelling. Another device measures the 
draw-bar inill of the locomotive. In the 
dynamometer-car aie al&oniaiij' other record- 
ing instruments and a^jparatus — some for 
anal.ysing the gases m the smoke-box of the 


engine; some to record figures by which the 
total horse-power developed by the engine 
may be calculated ; and others to record the 
expansion of the steam in the cylinders. 

A more precise and accurate test of a 
locomotive can be made in the special shed 
with its array of instruments. There is a 
complete absence of weather variations that 
complicate an outdoor trial — such as side- 
winds which cause loss of power, and mist 


or rain which make the rails greasy. But 
testing plant of this tyiie is very costly, and 
Ihe only such establishment in Britain falls 
short of modern requirements. The U.S.A., 
(iermany and France all possess large loco- 
motive testhig plants, and at Vitry, near 
Paris, is one of the most up-to-date testing 
staiiouH in Ihe world. It was to the Vitry 
jilant thit the famous L.N.E R. express, 
“Cock o’ the North,” was 
sent in December, 1934, 
to undergo exhaustive 
tests. 

The locomotive under 
test is run on to a platform 
whose floor comprises a 
scries of rollers capable of 
being adjusted so that each 
of the locomotive wheels 
rests exactly on the centre 
of a roller. The engine 
draw-bar is connected to 
a hydraulic dynamometer 
anchored in concrete. Be- 
fore use, quantities of fuel 
and water are carefidly 
measured so that consump- 
tion over a given mileage 
can be observed. Steam 
IS raised in the boiler, the 
enghie is started and the 
wheels begin to revolve. 
Theh movement turns the 
rollers, which are coupled 
to paddle-wheels encased 
in water-drums. The 
power of the engine is 
absorbed by the paddle 
action, which provides a 
load capable of being both 
varied and measured. The 
pull of the locomotive on 
the dynamometer is regis- 
tered and other important 
data are ascertained. The 
giant locomotive — station- 
ary though roaring “full 
out ” — can be tested on the 
platform for hours. 

There are other tests and these, though less 
sjieotacular, are just as important. Even 
befote erection, all locomotive parts are 
rigorously tested at the building sheds; and 
all through the process of huildmg and 
erection other necessary tests are carried out. 
After a locomotive has been passed out as 
satisfactory, and has gone into service, it is 
re^darly mspected and tested to ensure that 
it is safe and efficient, and such necessary 
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teats continue up to the 
time that the engine is 
withflrawn from service. 

Laying the Track 


The preliminary stage in 
the maldng of a railroad 
is a careful survey of the 
provisional route and the 
selection of the substantive 
one. The labour necessary, 
and the cost, depend upon 
the nature of the country to 
be traversed. It has been 
said that the material ex- 
cavated in making the rail- 
way between London and 
Birmingham would have 
sufficed to make a yard- 
wide path twelve inches 
thick around the globe! 

After the survey the rail- 
bed is levelled, hills bemg 
tunnelled or pierced by cut- 
tings, and valleys being 
filled. The engineer aims 
to arrange things so that 
whatever the contours of 
the country through which BulIdlnS the iron ri 
be is laying his r adi oad, the 
material excavated from 
tunnels and cuttings will approximately 
suffice to form his embankments. The early 
railways were oonstimcted by manual labour. 



■ ■ 
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Bulldlnft the Iron rood nt home end abroed. At work on the O.N.m swtem in 
Canada rad Itcp) the Morris track-layer, which picks up the old track and almost 
simultaneously replaces It with a new section 


but nowadays the bulk of the excavation 
work is performed by mechanical scoops, 
iiggers, graders, rooters and loaders. Wh^ 
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Testing the Permanent Way 


these raechanicaJ navvies have eoiupletcrt the 
levelling of the rail-bed, the sleepers with 
their chairs are laid and the rails fitted. Por 
layuig one mile of double track there are 
required: 


149 tons of rails 
87 tons of chairs 
82 tons of chair- 
screws 

2 tons of fish-plates 
7^ cudi. of fish bolts 


12,690 wooden .screw 
ferrules 

4,230 wooden key's 
2,115 sleepers 
4,230 felt pads 
3,500 ions of ballast 


Preparing the Sleepers 

Most of the sleepers used in Britain are 
made of fir, and oomo from the Baltic 
countries. Each sleeper, which is 8 feet 
6 inches to 9 feet long, 10 inches wide and 
o inches deep, has from four to five gallons 
of creosote forced into it under pressure. 
At the great railway depots, the sleepers are 
fitted with the chairs by automatic machinery, 
after which they are loaded into wagons and 
sent out ready for laying. Steel sleepers 
are being experimented with in this and 
other countries, and their success depends 
largely on their resistance to corrosion. 

The rails used in Britain are much lighter 
than those used on many Continental and 
most American raOroads. Some of the 
latter have standardized their main-line 
rails at 130, and even 150 lb. per yard against 
the general standard of 96 to 97 J lb. per 
yard for Britain. The early types of steel 
rails varied from twenty-four to thirty feet 
long, but as better methods of handling were 
devised longer rails came into use, until 
to-day the average standard len^h in 
Britain is sixty feet. Most American rails 
range from thirty-three to thirty-nine feet; 
on the Continent rails of seventy-eight feet 
are quite common, whilst in Germany the 
thirty-metro rail (98 feet 4 inches) is often 
used. 

Although many different types of joint 
have been devised, the rail joint still remains 
the weakest point of the track. This has 
brought about the practice, much in vogue 
in Germany, of welding rails together in 
long continuous lengths. On the Continent 
a flat-footed rail is largely in use, fastened 
directly to the sleepers without the inter- 
mediary of chairs. The type of rail used 
in Britain is known as the “bull-head rail”; 
it rests in cast-iron chairs weighing 46 lb. 
apiece. 

When the chaired sleepers have been 
placed in position, the rail is inserted so that 
it rests on the chair-bed; between the web 
or waist of the rail and the outer jaw of each 


chair a key of cilhei’ compressed teak or oalc 
is driven tightly into position. Fish-plates 
and bolts aie used to comiect one length 
of rail to the next. Between the ends of 
adjacent rails the space of about a quarts 
of an inch is left to allow for the expansion 
and lengthening that takes place in hot 
weather. 

Track-laying machines, with rail-lifting and 
laying skids, are used to save time and labour. 
One type of track-layer lifts sections of the 
old track off the ballast and passes them back 
on a conveyer to wagons coupled behind. 
A trolley, so designed that it can move on 
rails along the whole length of the train, then 
brings forward a new track-section already 
assembled and lays it in iilace on the ballast. 
After a track has been laid, permanent-way 
inspectors test the road to satisfy them- 
selves that the line is true to gauge and 
correct in level and alignment. The first 
locomotives passing over it usually proceed 
at a speed less than normal until the line has 
been practically tested. Passenger-expresses 
may be provided with a “track-recorder” 
which, during a test journey, produces a 
visible record of the oscillations of the 
train, by which the condition of the per- 
manent way is indicated. 

The standard width of permanent way in 
Britain and many other countries is 4 feet 

inches. Brunei introduced a 7-feot gauge 
for the Great Western Railway, which was 
later converted to standard gauge. 

Marvels of Kailway Signalling 

The first railway signalling was done by 
men standing at riio side of the track, who 
used flags during the day and coloured lights 
at night. Directly a train had passed, a 
red flag or light was shown for a short period. 
This colour was then exchanged for green, 
later followed by white, showing that the 
line was now “clear.” The time interval on 
which this early system relied was not found 
to be very satisfactory and after a few years 
the Block System was evolved. This system, 
an improved form of which operates on most 
railways of the world to-day, provided a 
space interval between trains following each 
other, by dividing the track into a series- of 
consecutive bloclr sections. No train was 
allowed to enter a block section already 
occupied by another train; nowadays a 
whole unoccupied section must lie between 
one train and the next. 

The first form of block system was 
operated in t h is country in 1839. By tho 
early “forties” semaphore signalling was in 
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applied lo-day, and only when 
the points have been correctly 
set can signals be given that 
would allow a train to traverse 
the points. In the quest for 
greater safety, various inven- 
tions were brought out from 
time to time; in some of these 
the train operated the signals 
by mechanical control as it 
entered or left a “block,” and 
a form of completely automatic 
signalling was aimed at. This 
was ultimately made possible 
by the development of railway 
electrification, which required 
a system of signalling quicker 
than could be operated by the 
older manual form. The de- 
velopment of automatic signal- 
Hng permitted the safe running 
of forty or more trains per 
hour, compared to the twenty 
or thirty trains possible under 
manual signalling. 

In coniunction with the vis- 
ual signal there is often a train- 
stop arm that rises beside the 
track and engages a trip-cock 
to operate the brakes if the 
driver should over-run a signal 
set at “danger.” 




use, utilizing three — slater, in 
1875, reduced to two — arm posi- 
tions. At first these signals were 
set by hand from the post, but 
later a system of wires and 
pulleys manipulated from some 
nearby box were used to change 
the position of the arm. The 
electric telegraph was used to 
communicate information of 
train movements from one signal 
box to the next along the line. 

In 1856 there was evolved 
a system whereby points and 
signals were interlocked, so that 
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A separate development was power-signal- 
ling, in whick the operator was relieved of 
the physical labour of moving the levers, 
rods, chains and signal arms. By means of 
quite tiny levers he now puts hi motion 
electrical and pneumatic machinery that sets 
the actual signals and moves the points, Li 
tram-operated systems, the track is split up 
into a number of electric circuits and the 
train, entering or leaving a section, switches 
on or off current to raise the semaphore arm 
or allow it to fall, as the case may he. Thus 
the arm falls by its weight to the horizontal 
or “danger” position, and is raised by means 
of electric power to the sloping or “clear” 
position. In addition to the semaphore, light- 
signals are greatly used even for daylight 
working. Owing to the hoods and special 
lenses iviih which they are provided, they can 
he clearly distinguished from a distance. The 
use of colour-light signals during periods 
of bad visibility of foggy weather has greatly 
reduced train delays. Reverting to the 
older practice, three-position or three-colour 
signalling has como into extensive use again. 

The tracks at Cannon Street Station, 
London — over which 460 trains carr 3 dng 
67,000 people ajre run daily— are entirely 
controlled by colour-light signals. 

The Automatic Train Control System 

A system of automatic train control has 
been installed over 2,190 miles of the G.W.R. 
main ^e in Britain, and other railways have 
experiments in hand with similar systems. 

The operating agent in the G.W.R. system 
is an electrified ramp laid between the 
running rails opposite the signal post. A 
contactor, depending downwards from the 
engine, sMes along this ramp and puts in 
motion mechanism in the cab to indicate the 
state of the nearby semaphore. The ramp 
is electrified when the signal is set at “clear.” 
Directly a contrary signal is given, the electric 
current to the ramp is shut off. 

In Britain the chief enemy to the smooth 
working of a railway’s schedule is fog, which 
entirely disorganizes the working of trains. 
To warn drivers audibly when the distant 
signal is at danger, detonator-caps are laid 
on the rail. These are small erreulax metal 
oases, containing gunpowder and fitted with 
caps, which are attached to the rail by means 
of lead clips. Detonators are always put 
down in pairs, for even if one shoidd fail 
to explode, the other is hardly likely to 
misfire. The impact of the wheels fires 
the detonator, and the driver, hearing the 
explosion, reduces speed and prepares to 


atop at the next signal. At one time all 
detonators were laid individuiilly by hand, 
but machines are now used for the purpose 
on some lines. The apparatus is uorked by 
the signalman from the cabin by means of a 
lever. Other railways use detonator laying 
machines which enable a “fog-man” to put 
detonators on two or more sets of rails 
without crossing the intermediate lines. In 
a year of very bad fog a single railway 
company in Britain may use as many as 
500,000 detonators. 
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Terminal station of the cable raUway at Janslce lAzne 
In Czechoslovakia 

Aerial Ropewa 3 rs and Rack Railways 
Aerial ropeways were used for transporting 
goods or materials long before they were 
adopted for passenger carrying. In moun- 
tainous regions they may provide practically 
the only quick means of transport. An 
aerial passenger ropeway was constructed in 
1912, in the South Tyrol between Lana and 
San Vigilio. It was so successful that before 
long passenger ropeways were built in many 
other mountainous districts. So efficient did 
aerial railways prove that Italy, during the 
Great War, buflt 1,200 miles of ropeways 
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on her Alpine front for the transport of 
troops. 

There are two principal types of aerial 
ropeway. In the .single-cable system an end- 
less travelling cable supports and moves the 
carriers. Although simple and economical, 
this system is limited in capacity to convey- 
ing a maximum of only some 150 tons an 
horn-. The greatest distance covered on any 
one section of a mono-cable ropeway is about 
four miles. The longest aerial ropeway of this 
sort is at Dorada, in the State of Colombia, 
South America. It is forty-seven miles in 
length and the line is divided into fifteen 
sections. Its capacity, however, is quite low, 
being only some twenty tons an hour; 
although used mainly for the conveyance of 
coffee, it is sometimes utilized for passenger 
traffic. 

In the two-cable system two ropes are 
used, one of which is fixed and carries the 
load, while the other is the hauling rope. 
To the hauling rope the carrier is attached 
by a special coupling device. Mainly be- 
cause it is far safer most passenger aerial 
railways use the two-cable system. 

Compared in outlay to that of a railroad, 
with its giant locomotives, its rolling stock 
and its permanent way, the cost of con- 
structing an aerial ropeway is trifling. All 
that is required are several steel towers, a 
few miles of steel cable, two cage-like cars 
and — ^the most expensive item of aU — ^the 
driving machinery for winding in the cable. 
Once installed, the maintenance costs are 
very low. 

On a passenger ropeway the carriages 
depart from the opposite terminal stations 
at the same moment, pass each other mid- 
way on the cable tracks and arrive at their 
destinations simultaneously. The principal 
brake system used is an automatic device, 
attached to the carriage, which grips tho 
carrying cable and brings the carriage to a 
standstill. The seating capacity of these 
carriages varies from twenty-four to thirfy- 
six passengers. ' 

Ropetvays of the World 

Austria possesses ten rope railways, one 
of the most notable being that which ascends 
the Feuerkogel Mountains. It carries passen- 
gers from the banks of the Traunsee Lake 
to a height of 5,314 feet above sea-level. 
Another, in Corinthia, ascends the Kanzel 
Mountains to a height of 4,920 feet. Yet 
a third, greatly patronized by enthusiastic 
skiers, carries passengers from the valley 
town of MariazeU, 4,155 feet up into the 


snow-covered Burger Alps. Tho ropeway, 
commencing at Eisach, ascends the Kohler or 
Mountain in the Austrian Tyrol for a distance 
of 5,260 feet; there are twelve steel towers to 
support the cables, which are one and three- 
quarter inches in diameter. The time taken 
to complete the journey is thirteen minutes. 

The upper terminal of tho Monte Sises- 
Sestriferes Pass passenger ropeway in North- 
ern Italy is built in two sections with an 
intermediate station, the topmost station 
being 8,200 feet above sea-level. Only five 
minutes are taken by the passenger ropeway 
linking Cape Town to the top of Table 
Mountain to achieve the 2,300 feet oUmb. 
The Bad Reicheuball line in the Bavarian 
Alps is three miles in length, and the rise 
of 3,160 feet is accomplished in nine minutes. 
Spain possesses several aerial ropeways, used 
both for l5aTr3dng passengers and the trans- 
port of goods; but the majority of the 
European cableways are situated in the Alps 
and the mountainous districts of Central 
Europe, where under the two-cable system 
individual loads up to twenty tons can be 
raised and lowered down gradients as steep 
as one In one-and-a-balf. 

Mountain Rack Railways 

Mountain railways, wherever possible, are 
built in great sweeping spirals so that the 
locomotives may climb the track by the 
easiest gradients. A good example of such 
track lay-out is that of the Bernina Railway, 
which runs from Tirano in Italy to St. 
Moritz in Switzerland. When, in comse of 
construction, it was found that the track had 
to rise to a height of 7,315 feet at one point 
from a height of 3,316 feet only six mile.i 
away, a spiral lay-out was adopted and a 
railway built with a gradient of one in four- 
teen. This gradient is one of the steepest 
in the world to be achieved solely by adhesion 
of normal train-wheels to the rails. 

But gradients steeper than this are to bo 
met with, on which normal adhesion fails. 
In such ciroumstanoes if a line is to be built 
at all the adhesion between the wheels and 
the track must bo increased. The more 
common method of achieving this is by means 
of a “rack-rail,” the teeth of which are 
engaged by a power-driven pinion-wbeel on 
the locomotive. The idea was first patented 
in 1811 by John Blenkinsop, an Englishman, 
for use in hauliug coal-wagons on a colliery 
track; but George Stephenson demonstrated 
that ordinary smooth rails and wheels pro- 
vided sufficient adhesion on the level. 

Cne of the first mountain rack railways 
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was built at Kahlenburg, iiear Vienna, in 
1874. The maximum gradient on this line 
was one in ten, and a ladder type of rack, 
constructed in ten-feet lengths joined together 
with fish-plates, was bolted to the sleepers 
between the ordinary running rails. In 1882 
R. Abt invented an improved type of rack, 
which two years later was incorporated in 
a line built at Blankonburg in the Hartz 
Mountains, and in 1894-90 Abt’s system 
was utilized in the construction of a rack 
railway built up Mount 
Snowdon in Wales. 

The rack evolved by 
Abt had teeth out in 
the edges of narrow 
rectangular bars, 
which, placed in pairs 
teeth uppermost, were 
set in chairs bolted to 
the sleepers. The 
double rack was en- 
gaged by a pair of 
stepped pinions on the 
locomotive. The Abt 
rack-system is used ex- 
tensively in Switzer- 
land to-day, many of 
the lines, such as that 
of the Visp-Zermatt 
route, being electric- 
ally operated. On 
this latter railway, 
gradients of one in 
eight are climbed at 
a speed of about ten 
miles per hour. 

In the construction 
of a railway up the 
very steep Mount 
Pilatus, near Lucerne 
(1886-88), a double- 
rack system, invented by Dr. B. Looker, was 
used. It differed from Abt’s device in that the 
rack teeth wore placed sideways instead of 
upright, and that horizontal driving-wheels on 
the locomotive engaged the teeth on eithra: 
side of the rack. The Pilatus Railway, 
which has a maximum gi'adiont of almost 
one in two and an average gradient of one 
m throe, rises to 5,347 feet and has a total 
length of two and three-quarter miles. 

.Mother type, differing slightly from the 
three already mentioned, is lie Fell system, 
used on the Rimutaka incline in the North 
Island, New Zealand. Here two locomotives, 
with five brake-vans, are used to haul a 260-ton 
train up gradients as steop as one in thirteen. 

In. Brazil, on the British-owned Leopoldioa 


Railway, trains en route from Rio de Janeiro 
to Rdui Soares have to be hauled by auxiliary 
rack-locomotives to a height of 2,600 feet 
over the Serra : this rise occurring in the .short 
length of four miles of track. A rack railway 
in Greece, thirteen and a half miles long, climbs 
the gorge of the Bouraikos to Kalavryta, and 
the journey lakes approximately two hours. 

On the Transandine Railway which crosses 
the mountain range of the Andes from Chile 
to the Argentine, powerful tank locomotives 



Grossing the snows of the Andes by electric train— near FortUio, on a rack section 
of the Transandine Railway between Chile and the Argeotlne 

are used, which are equipped for rack and 
pinion working as well as for miming by 
normal adhesion. The maximum gradient 
on the adhesion section is limited to one in 
forty. As the gradients grow steeper so the 
rack sections of the route appear, and in a 
hundred miles of railroad the trains are raised 
almost 8,000 feet. Allowing for the steepness 
of the ascent the traveUing is remarkably 
fast, electric rack-locomotives drawing a 
train of 160 tons at a speed of nine and a half 
miles per hour over gradients of one in 
twelve-and-a-half. 

Streamlined Speeders of the Iron Hoad 

In the last few years much theory has been 
elaborated and a considerable amptmf of 
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bolh experimental work and testing have 
been done with regard to streamlining not 
only of locomotives hut of entire trains. 
These tests and experiments have shown that 
“streamlining” the casing of a locomotive, 
so as to lessen air -resistance, makes for 
increased speed and for greater economy 
in fuel consumption. Since air-rcsistance 
increases as the square of the speed, 
streamlining is obviously of far greater 
advantage where high apoeds are concerned; 
figures have been given which suggest that 
at a speed of 100 miles per hour one- 
third of the air- 
resistanoe can be 
elimmated by careful 
streamlining. 

Many original ex- 
periments have been 
performed in wind- 
tunnels where wooden 
locomotive models arc 
suspended in a strong 
airflow and the effect 
on them measured by 
ilelicate instruments. 

The outcome of this 
reseai’ch has led to the 
providing of stream- 
lined casings on many 
locomotives, some 
being enclosed even 
down to rail-level. A 
great deal of this 
pioneer work has been 
done abroad, in 
America and on the 
European continent, 
but British railways, 
too, are well in touch 
with the work. 

Eai’Iy in 1035 the Great Western RaiJuay 
produced two loeoinotives having bullet- 
nosed smoke-box doors, pointed fronts to the 
cabs, and a easing over the cylinders and 
motion. But after several runs it was found 
necessary to remove this casing, since tho 
motion tended to overheat when shut away 
from the cooling mfluenoe of the outer air. On 
September 27 of the same year the L.N.E.R. 
streamlined express “Silver Jubilee” made 
a demonstration run between King’s Cross 
and Grantham, and created four world 
records, twice attaining a maximum speed 
of 112^ miles per hour; the whole train was 
streamlined from end to end. On this run 
the seven vehicles of the train had a gross 
weight of 230 tons, so that the feat of covering 
twenty-five miles of the journey at an average 
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•ijwed of 107 miles per hour ua-s a splendid 
perfonmince. Between the bogie» of each 
coa<‘h a ^.kirting reached to within ten inches 
of rail-level, and the coaches were joined one 
to another by panels of rubber sheeting. 

The locomotive it ■self, named “Silver Link. ” 
resembles trom the front a huge horizontal 
wedge. This type of .streamlining ha? been 
found to be more advantageous than the 
vertical wedge tvqie. previously used iu 
France. Following this most successful trial 
run, three sister locomotives of the same 
design w ere arranged to be constructed. On 


September 30, 1935, the “Silver Jubilee” 
train entered into regular daily service 
between Newcastle and London, where her 
scheduled lime to cover the double journey 
of 636'6 uules calis for an average speed of 
07T miles per hour. 

TAtf Flying Hamburgetr 

Before this German streamlined train was 
built, experiments with special models were 
made in the apparatus used for testing 
models of Zeppelhis. The sharply-roimded 
ends of the train and the rounded skirting 
whioli comes almost to the rails were adopted 
as the result of these teats. Since the 
“Flying Hamburger” was designed to be 
electrically driven firom power developed by 
two Diesel engines, there was no need for a 



Streamlining on the Continent — e new locomotive on the Dutch Railways statUng on 
a test ran from Amsterdam 
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large projecting smoke-stack ; a small pipe in 
the roof carries off the exhaust from the oil 
engmes. After her iirehmmary run, this 
crack German streamlined train settled down 
to routine service between Berlin and 
Hamburg, a distance of 178 miles. The 
train carries 102 passengers and covers the 
journey at an average speed of just under 
77 miles per hour, with a maximum speed of 
100 miles per hoiu\ 

In all, a dozen Gorman streamlmed rail- 
cars are in service, covering regular journeys 
at a speed of 75 miles per hour and over. 
The Diesel-electric “Flying Cologner,” which 
runs between Berlin and Hanover, does that 
joinney at an average speed of 82‘3 milee per 
hour. In 1935 a streamlined Borsig steam 
locomotive attained a speed of 119 miles per 
hour on a trial run, and covered 178 miles at 
74 miles per hour; whilst yet another stream- 
Uned steam locomotive hauled a 250-ton 
train at speeds varying from 93 to 108 
per hour. 

American ” Flyers" 

In the United States streamlined trains 
have come into use on many long-distance 
services and have become immensely popular. 
On April 0, 1935, a streamlined Diesel train 
made a trial run between Chicago and St. 
Paul, a distance of 314 miles, in five hoims 
thirty-five minutes, and a top speed of 104 
miles per hour was claimed to have been 
reached. By the end of May a steam rival, 
the streamlined locomotive “Hiawatha,” 
went into service. Hauling a six-car train 
which although empty weighed 340 tons, 
“Hiawatha” attained a speed of 73f miles 
per hour over 40 miles; and during a run of 
410 nnles, which included five stops, her 
average speed was 63T miles per hour. 

The “City of Portland,” streamlined 
express of the Union Pacific Hailroad, was 
put on the Chicago-Portland route in 1936. 
Propelled by Diesel enghiea, this train hauls 
a six-oar unit over the 2,272 Tnilna of her 
journey, which includes the crossing of the 
Rockies, in 93 J hours; the best steam service 
to cover the same distance takes nineteen 
hours longer. 

In April, 1936, the “Comet,” a streamlined 
Diesel-dectrio train of the New York, New 
Haven and Hartford Railroad, was tested 
over the track near Rhode Island. "Comet,” 
whiesh cost £50,000 to build, is unusually 
designed in that she has engines at either end 
operated simultaneously by a master-control; 
this obviates tmming the train at the end of 
every trip. Over a one-mile atretcb, “Comet ” 


attained 110’5 miles per hour. Her normal 
schedule includes a 43'8-mile run, covered in 
forty-four minutes. 

Steam, Electricity or Oil? 

For nearly a century the steam locomotive, 
using coal as fuel, held the field almost 
unchallenged. The last few years have seen 
the rise of various competitors notably the 
Diesel and the Diesel-electric types of train. 
Many of these trains have put up amazing 
performances both on trial and on subse- 
quent service, averaging often a mile or more 
a minute over long distances. But almost 
all such trains have the advantage not only 
of being streamlined but of having a smaller 
passenger capacity and of being lighter in 
weight than the average steam train. 

Points in favour of the Diesel engine are; 
that its fuel coats are in the region of a quarter 
of that of a steam engine, that it can attain 
a high speed very quickly, and that there is a 
considerable saving in weight and spaco since 
less fuel and no water supplies need be 
carried. In the Diesel-electric type of train, 
which is rapidly coming to the fore both in 
the U.S.A. and on the Continent, the oil 
engines drive an electric generator, the 
current from which goes to motors that turn 
the wheels. One contingency with such 
trains is that although the oil engines may be 
functioning correctly and there is nothing 
wrong with the electric machinery, frequent 
breakdowns are liable to occur unless the 
oo-ordination between the two motive plants 
is perfect. In 1934 a number of rail-cars 
had to be withdrawn from service on the 
Netherland railways for such a reason after 
a few months. 

Besides the Diesels, that bmm crude oil, 
other internal-combustion-engined plants 
have come into use for hauling trams. 
France seems to be particularly interested in 
the petrol-engined rail-car; a streamlined 
Bugatti train on the Paris-Vichy route 
covers the distance of 226| miles in 223 
miautos. The fuel used for the four 200 
horse-power engines in this case is a mixture 
of petrol, benzol and alcohol. Smaller rail- 
cars of this type have been tried out in 
Britain: one, of French design, carrying 
fifty-six passei^ers at a speed of 56 to CO 
miles per hour, has a fuel consumption of 
only one gallon of petrol per six miles. 

A further challenge to steam has been 
offered by the electrfecation of much track, 
not only m this country but on the Continent 
and elsewhere. The largest suburban electri- 
fication scheme in the world is heitig carried 
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Ctmtesy of Canadian national Bmlxaays 

Famous expresses of two contments 

“Tbe International Limited,” irblch tuns ftom Montreal to Gbica^o (849 miles! In 17} hours; and (loD) tbe Great 
Indian Peninsular Mail Train, wbicb takes twenty-six hours from Lucknow to Bombay (880 miles) 


Electrification Schemes 
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Turbo-locomotives 
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An international express hauled by electric power This huge 8^00 hp Swiss locomotive has a length of 111 feet 
and pulls Its heavy load up numerous steep gradients on the mountaln-section of the St Gotthard line It Is here 
seen descending from the southern entrance of the famous tunnel {See also illustration Chapter XXVI) 


out m the South of England When first 
outlined, this scheme was intended to have 
been worked on the oveihead conductor 
system, hut later the third-iail system was 
standardized Electrification, with its heavy 
initial outlay, is most serviceable m a 
densely peopled suburban aiea 

Besides streamlinuig, efforts have been 
made m other directions to mcrease the 
efScienoy of the steam locomotive In an 
effort to make greater use of the heat energy 
of the steam, “turbomotives” have been 
toed out, m which the locomotive is pio- 
pelled by a turbine instead of the usual 
reciprocating engme Ljungstrom, a Swedish 
engineear, built a turbo-locomotive as long ago 


as 1921, and one constructed on his system 
m Britain m 1026 attamed a speed of 76 miles 
per hour Not only was there a gi eat savmg 
m water consumption, hut the engine only 
required about half as much fuel as anordmory 
locomotive which, haulmg a 331-ton tram 
over a distance of 152 7 miles, averaged 69 8 
miles per hoiu’, with a top speed of 90 miles 
per hour Peifoimances such as this show 
that the steam-locomotive is far from bemg 
put m the shade by its moie modem rivals 
The answei to the query that heads this 
section IS that all three propellents have 
their use and ]ustification m different fields, 
and the future is likely to see the parallol 
development of each to greater efficiency. 


Volcatioes Past and Present 
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How Volcanoes make Mountains 


OHAl’TEK XIX 

VOLCANOES- PAST AND PRESENT 


‘CTUDY the voleanoe.s <if the uuriW, 
tabulate their revealed t-ecreti. .mil in 
the sum total of that knowlediie we shall 
have solved most of the mysteries of mir 
earth.” So, in effect, said the .scienfist-i of 
our grandfathers’ day. But tlionuh geo- 
grapher and geologist, daring mountaineer 
and chemist have ceaselessly probed and laid 
bare a thousand and one secTets, they still 
have much to discover. They cun tell you 
that the highest active volcano of the entire 
planet is Cotopaxi in the South .American 
Andes; that the volcano on Maui, one of th • 
Hawaiian Islands, has the largest crater in 
the world ; that even under the sea there are 
active volcanoes. 

They will tell you of all the dust and a.slies. 
lava and pumice, sulphur and salt, glass- 
like rocks and gases that pour from the 
volcanoes’ fiery throats. But though earth 
still ivithholds a mjTiad secrets from Man. 
scarcely a day passes without .some new 
fascinating discovery being made about the 
“fire-mountains” of the world. 

Mountains that Awed Mankind 

From earliest ages these ^ire-^ oiniting, 
smoking, death-deaUng mountains have aw^ 
mankind. Many volcanoes have been wor- 
shipped for innumerable centmies — ^notably' 
beautiful snow'-clad Fujiyama in Japan and 
Manna Loa in the Hawaiian Islands. Tenny- 
son has WTitten a poem, “Kapiolani” telling 
of how a daring cliieftainess became a con- 
vert to Christianity and defied the volcano 
goddess Pele by climbing to the crater of 
Kilauea, Mauna Loa’s neighbouring peak, 
scornfully to fling consecrated berrie.s into 
the fiery lake below, thus shattering the 
power of Pele’s priests. 

Although a volcano is usually thought of 
as a mountain, it need not he one. Its main 
characteristic must be that it is a hole in the 
earth’s crust through which heated matter, 
gases and vapours find their way to the 
surface. Such an opening is always found 
in some weak spot caused by the folding 
and upheaval of rocks in the early days of 
the world. There is a great belt of volcanoes 
around the Pacific basin, and here is found 
the greatest volcanic activity in the world. 
Ti-eqaently we hear of earthquake disaster.^ 
in Japan, and it is because of the constant 


cxpci t.irion of "IkJi oi'currcnces that the 
.laj-anc'.e build frail hoiiNt's of bamboo 
and ]rtippr. Stone ones would l>e more 
daneeroun in f.dliim. more expen.'sive to 
replace, (iiul would not stand up to .shocks 
so well. 

When great rnu^-^es of rock and cinders 
are thrown out of a \ok‘anie hole they pile 
up around the vent, e.ich huepe-'-.ive outhui>t 
adding to jtrevimw (lcpoi-it'>. Stream.s of 
molten lava also make their way down the 
-lopes from the erater. hometimos to flow for 
miles over the lower ground, at others to be 
cheeked and }){1p up oii the shoulders of 
the eminence. Tinas a hill and eventually 
a mouiitaiu comes into existence. This 
mountain formation distingiiishe.s a volcano 
from its four eousius : the geysers, hot springs, 
solfataras and tnmaroles. 

(Tcysern and hot springs spurt out hot 
water, steam and sometimes mud. The 
world’s chief .source.s of this natmal hot 
w'ater supply are in lecliind, New Zealand and 
Yellowstone Park, U.S.A. These wonderful 
natural phenomena are described at length 
in Chapter XLI. Solfataras are volcauic 
holes or sometimes non-active volcanoes 
which constantly give off hot sulphur 
vapours. The most famous lie.s w'cst of 
Xn}»les, and has not been active as a smloano 
since 111)8. Fumarole.s are ojienings in 
volcanic regions which give off hot vapours. 
The hottest fuinaroles reaeli a temperature of 
oOO degrees ecnligrade, while even the cooler 
ones are rarely le.ss than 100 degrees centi- 
grade, the boiling-point of water. 

Valley oj Ten Thousand Smokes 

In 1912 there occurred in Alaska one of 
the greatest volcanic crtiptions of our own 
time. The top of Moimt Katinai, a sup- 
posedly extinct volcano, was entirely blown 
off, and in a valley to the north-west enor- 
mous nunihers of tiny volcanic vents or 
fumarole.s opened. Since then the district 
has been named the Valley of Ten Thousand 
Smokes and proclaimed a national monument. 

The ojertion of scalding steam and vapour 
is the common feature of aU types of volcanic 
eruption. It was noted by the Roman 
writer, Pliny the Younger, as long ago as 
A,i>. 79. tvhen deseribing the erupticui of 
Mount Ve.-uvius in which his uncle, Pliny 



Huge Columns of Steam and Smoke [ 266 ] Tragedy of Pompeii and Hetculaneum 


the Elder, had lost his hfe He tells of the 
enormous column of vapour and dust a mile 
or two high uhich rose from the crater. 
This column then spread out into a vast 
canopy of cloud, the whole resembling “a 
pine tree appendage” with trunk and spread- 
ing branches. The highest recorded smoke 
colunm preceding a violent eruption was at 
Krakatod, in 1883, vhen the steam and dust 
reached many miles mto the skies. 

Such a great column of steam cannot stay 
indefinitely suspended in air, especially as 
the upper atmosphere becomes colder and 
colder. Consequently it soon condenses to 


crust. Further eruptions caused layer upon 
layer to be deposited on the site, until now 
archaeologists have to cut through eighty 
feet to reveal the marvellous ruins of the 
ancient pleasure resort of the Romans. 
Pompeii, a neighbouring city, was destroyed 
in a totally different manner, being 
obliterated by a rain of hot ash that lasted 
for days on end, suffocating the inhabitants 
and besprmkUng the city with a dust of 
death. 

Thus it is not only the fiery lava and the 
poisonous vapours that prove so destructive. 
After any volcanic eruption the country for 



Colling In strange wborls and patterns — an evil-looking mass of molten lava tlirovrn forth from Vesuvius 


rain, which falls and mixes with the ashes 
and loose material to form a kind of hot 
mud, which rushes down the mountain 
side, spreading far and ivide. Sometimes 
it is enough for -the steam merely to meet 
the cool air as it rises to the lip of the crater. 
There it condenses and forms a mud with 
the hob ash, rock fragments and cinders. 
Up the crater wells a fiery flood of molten 
rock : this is lava, Down the mountain side 
pours the fiery stream, sometimes at forty 
or fifty miles an hour, blotting out whole 
villages in its relentless march. 

Herculaneum was buried beneath the 
fiery flood which Plmy observed m a.d. 79, 
when Vesuvius erupted. As the lava cooled 
it completely sealed the city beneath a hard 


miles around is usually covered with a fine 
greyish ash, such as that which buried 
Pompeii. Closed windows and doors are of 
no avaU. The fine ash insinuates itself into 
the tiniest crevice. Its accumulated weight 
will crush roofs and whole buildings. 

Lava, on cooling, takes many strange 
forms and often beautiful shapes. The, 
lower layers cool more quickly and form 
obsidian, a volcanic glass. Most familiar is 
the pumice stone, a porous froth-like material. 
In Hawaii it is black, m the South American 
Andes yellow or brown. But the grey 
pumice stone we use in our bathrooms comes 
from the Lipari Islands in the Mediterranean. 
Artists, vinegar makers and furniture inanu- 
faeturens are the chief users of this volcanic 
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Curious geometrical stupes termed by Tolconlc rode ore to be found in many places where lava has flowed In poaf B0ps> 
Basalt formations on tbe coast of S. Tomd la the Gulf of Guinea, and {top) “The Honeycomb," part of the wall-knOWn 

Giant 's Canseway, u go. Antrim, Ireland 


Vesuvius iti Eruption 
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Still nctlvc and smouldering! the cone 
Inside the ci etcr of Vesuvius 

"waste.” Ipcltincl, iinugavy, 
Nevada, Tencriffe and New 
Zealand all yield good com- 
mercial pumice. 

Strange rook formations and 
beautiful volcanic caverns 
have been produced by lava 
flows in past ages. An oxcollont 
example is the Giant’s Cause- 
way, a natural pier on the norl li 
coast of County Antrim in 
Ireland. There are actually 
three causeways, the Little, 
Middle, and Grand, all com- 
posed of six-sided pillars of 
basaltic rook, packed closely 
together and so regular that 
they appear almost to bo the 
work of Man and not of Nature. 
The pillars are about fifteen to 
twenty inches in diameter and 
rise in places to twenty feet 
high. The Grand Causeway 
is forty feet broad in its 
widest part. The neighbouring 
cliffs also have many similar 
columns. 

Across the sea, forming one 
of the Inner Hebrides ol 
Scotland, is the island of 
StafFa, largely built of the 
same columnar basalt, Tho 


Black Basalt of Iceland [ 2(i!) 1 Why a Volcano becoincs Dormant 


Giant’s Causeway and Staffs wore onee 
united and formed part of the same volcanic 
belt. Tlio island has several beautiful caves 
lined with some handsome columns. In 
Fmgal’s Cave, the most famous and most 
visited, the coloured pilhrs on the western 
side rise to thirty-six feet in height. More is 
.said abotit eatms in Chapter XTII. 

Daintier forms arc found in the lava 
“trees” of Kilauea, and in the delicate 
“Pele’s Hair,” fine strands of rock reputed 
in legend to be the tres.ses of the Hawaiian 
volcano-goddess. 

So much for the substances within the 


long and comparatively infi’ecjucnt iutervaln. 
In the case of Mount Mokuaweowen, in 
Hawaii, the boiling mass rau.st ri.se 600 feet 
before it can pour over Ihc crater edge — 
a veritable safety wall tliat protects the light- 
hearted inhabitants of the villages below. 
This gi’eat crater or hollow is formed and 
kept open by the constant explosion of 
vapom's and gases. When the explo.sions 
cease the volcano becomes dormant, the 
lava solidifies, and later the walls crumble to 
fill in the cavity. 

If a renewed outburst occurs, the floor of 
the crater either cracks open or the pent-up 



Piola- K. Baetia, Tenertffe 

A landmark tor shipping for many miles around— the famous El Pico de Telda on the Island of Tenerlffe, a dormant 

volcano with a crater 70 feet deop 


active volcanoes. But how is it that the 
lava streams are not continuous, and the 
ejections of ash and rock are not constant? 
In some parts of the world— for example, in 
the Deccan Peninsula of India, in Idaho and 
Washington states, U.iS.A., and in Northern 
Ireland — there was in an- lent geologica] 
ages a ceaseless outpouring of lava from open 
fissures in the ground. The molten matter 
welled up and spread in a vast lake, gradually 
solidifying to an extremely hard rock. The 
great fields of black basalt in Iceland were 
created in this fashion. 

In a comparatively young volcano, sur- 
rounded by a high rim of its own debris, 
the lava and ash are able to escape only at 


mass forces its ivay to some weak spot in 
the side of the mountain. A secondary or 
lateral crater is thus formed — ^the original 
being known as a terminal. Picturesque 
Edinburgh Castle, standing high above the 
streets of the Scottish capital, is built on 
the Java core of a long-extinct terminal 
crater. The highest volcano in Europe, 
Mount Etna in Sicily, is dotted all over with 
some 200 small lateral craters or cinder 
cones. 

As such a great area of the earth’s surface 
lies below' the ocean, it is quite reasonable 
to expect that volcanic eruptions occur also 
on the sea floor. Investigation of great tidal 
waves, of 'the sudden appearance of new 
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Volcanoes of the Atlantic Chain 


islands and the equally sudden submergence 
of others, has led to the belief that under- 
sea eruptions are by no means uncommon, 
particularly m the Pacific. 

Christmas Island, in the Indian Ocean, is 
an example of a submarine mountain which 
has been built up duruig long ages from 
continued accumulations of erupted debris 
upon the sea floor. Nearer home, both 
Mounts Etna and Vesuvius began as vol- 
canoes on the bed of the ocean, the accumu- 
lated debris and lava rising gradually higher 
and higher until the crater was far above the 
water. 

Sometimes islands thus formed have only 
a short Hie. One of the best examples of 
such a temporary island was recorded in 
1831, the new formation occurring in the 
Mediterranean between Sicily and North 
Africa, in water 100 fathoms deep. After 
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The appaUwg disaster on the Island of Martlnlquo in 1902, Tthen Mt. Fel£e burst Into 
emptlon, causing the deatt of 30,000 people. This remarkable photograph shows 
part of the actual outbreak near RlvtOre Blanche ^ 


one gieat disturbance, when the sea became 
violently agitated, throwing up groat foun- 
tains of water, steam and debris, with shoals 
of dead fish, an accumulation of volcanic 
cinder and ash formed an island 200 feet 
high at one point. Unfortunately the new 
Graham’s Island, or lie Julie, could not for 
long withstand the continual wearing action 
of the waves. At the end of three months 
it was reduced to a more shoal, now called 
Graham’s Reef. In 181 1 another such tem- 
porary volcanic island, which was named 
Sabrina, was thrown up off St. Michaels in 
the Azores. 

It was Vuloan. the old Roman God of Eire, 
who gave his name to volcanoes; and, as 
far as can be ascertained, the first “fire 
mountam ” to bo called a volcano was Mount 
Etna in Sicily. Although there still remains 
in the Mediterranean a grou]i of active vol- 
canoo.s — ^Vesuvius, the 
Lipari Islands, with 
Stromboli and Vul- 
cano, Graham’s Reef 
and Etna itself — 
Europe is a continent 
mamiy of ojddnot vol- 
canoes. 

The Auvergne range 
in Prance, Bohemia in 
mid-Europe, parts of 
Groat Britain, and the 
Italian Euganean and 
Alban Hills arc all cold 
and silent volcanic 
lidgos. Even the vol- 
cano islands of the 
Atlantic chain — the 
Azores, Canaries, Cape 
Verdogroup, Ascension 
and St. Helena — ^are 
very feeble or have lost 
all activity. Not since 
the reign of our King 
Henry VIII has there 
been an erujjtion in 
the Azores. Then the 
whole of Villa liVanea, 
the capital, was wipocl 
out in a great lava 
deluge. 

In the reign of 
Queen Anno a lateral 
cone in the side of El 
Pitou, inTenorifEe, dis- 
charged a great stream 
Photo w. F. 7 aylof of lava wliioh almost 

whra Mt. peiie burst Into filled up tho harbour 
arkable photograph shows r i. • xi 

Blanche of Garachico. But 
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The Eruptions of Mont Pelde 


nowadays the big 
craters there just idly 
puff up a little steam 
and some sulphur 
vapour. Their day of 
awe-inspiring majesty 
is over. 



Iceland continues 


the Atlantic volcano 


rmg. But though to- 
day the greater 
amount of ejected 
matter comes from 
geysers and earth fis- 
sures, Dr- T. Thor- 
oddsen, an Iceland 
geologist, states that 
there are about 130 




island ; twenty-five to 
thirty have been in 
eruption during the 
historic period. 

On the other side of to* 
the Atlantic there is 
an interesting region 
in the West Indies. 

There a string of 
islands, the Lesser 
Antilles, sweeps in a 
curve across the east 
end of the Caribbean 
Sea. They are subject 
to frequent earth- 
quakes and abound 
with volcanoes, solfa- * 
taras and hot springs. 

These islands are the c 

highest peaks of an <= 

enormous fold of , 
under-sea mountains. ^ Frequent disasters, 
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Among the rulna ot St. Pierre, covered with volcanic ash to a depth of several feet 
after the great eruption of Mt. Pelio, In 1902. Three days elapsed before rescuers 
could approach the devastated town 


Suddenly the giant awoke from his 


involving the loss of thousands of lives, have 
happened, particularly on the island of 
Martinique, whei’e Mount Pelee (not to be 
confused with Pele the volcano-goddess of 
Hawaii) fumes and rumbles year after year, 
It was in 1902 that the busy town of St. 
Pierre, lying close to the base of this volcano, 
was stricken by a disaster in which 30,000 
people perished. Although a great part of 
Mount Pelde’s slopes were turned into a 
wilderness by successive flows of lava, and 
in 1843 alone there had been 200 earth shocks. 


slumbers. Mont Pelde began to rumble, 
then to roar, hurling great masses of cinders 
over the countryside. Two days after the 
first warnings, on May 5, 1902, a boiling 
stream of lava and mud flowed over the 
crater lip and in three minutes made its 
way five miles along a river bed to the sea. 
In its path lay the new sugar refinery. A 
mud stream twenty feet high engulfed the 
whole place in a few seconds, killing twenty- 
three persons before they had time to realize 
what was happening. The boiling torrent 


the volcano was thought to have become 
dormant after a slight eruption in 1851. 
For fifty years all was still. Business pros- 
pered in St. Pierre and the owner of the 
largest sugar plantations on tho lower slopes 
had just erected a new sTigar-refining plant. 


forced hack the sea itself for 100 yards. 
Terrified people rashed hither and thither in 
mad confusion. 

For two or three days the smoke paU rose 
higher, swelling out over tho angry crater. 
It swayetl and hung like a giant oviimn, 


Destruction of St. Pierre 


Extinct Volcanoes of the Andes 
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darkening everything around lor miles. 
Detonations like gunfire added fuitlier to the 
terror of those autul days. The Clovoinor, 
seeing how difficult it was to manage the 
terrified crouds m the streets, drew a cordon 
round the city , hut m doing so he .signed the 
death warrant of many who might have 
escaped, for at about nine o’clock next 
morning Pclde hurlerl high into the air the 
great purifie curtain of du.st and gas, and 
with a roar flung a hail of white-hot lava 
and flaming cinders over town and sea. 

Nothing could escape the pitiless rain of 
fire. Thirty thousand people perished, and 
from the burning town only ono man escaped 
alive. He was a iirisoner in the jail, and 
he was saved by the substantial walls of the 
prfeoii house. Eighteen ships in the harbour 
caught fire. All but ono wcie a living hell 
in a few minutes and most of the crews 
perished. One vessel had .steam up and 
put to sea. Even so, it carried ten charred 
corpses on its decks beneath a pall of ash. 

Three days passed before rescuers dared 
to enter burning St. Pierre. Cinders were 
piled yards high in the streets in the centre 
of the town. Many bodies wero lying on 
their faces with hands pressed over mouth 
and nose. The asphyxiating sulphur smoko 
had had a deadly effect, and had proved the 


final terror for those who oscajiod the hail 
of fire One slrange jihonomenon that 
occurred dining the (lis.ister was the growth 
of a gieat spire ol glassy lava at the volcano’s 
iop. Rapid belcliiiigs of lava had poured 
foith in such quick succession that the molten 
rock could not escape down the slopes fast 
enough. It piled higher and higher, solidified 
and grew into a towering pinnacle a mile high. 

Piety Mountains of the Americas 

In the United Rlalcs there are but few 
active voloanoos to-day, though many have 
become extinct in comparatively recent 
geological times An eruption occurred in 
1857 at Tres ■\^irgincB in South California; 
and Lossen’s peak (also in Caliiornia) mildly 
renewed its activity only a few yours ago. 
Mount Hood, in Oregon, gives oiT vapour, 
and two Wnshiiiglon jicaks ivero slightly 
active about 100 years ago. 

South America, on Ihe other hand, has 
many volcanoes, both active aiifl lifeless. 
The range of the Andes bclwocn Coreoviida 
in the south and Tolima in the north is 
studded at irregular intervals with volcanic 
peaks. Some have only rcecnlly become 
extinct; but by far tho greater number 
have been cold and dead for thousands of 
years. These includn the loftiest volcanic 



A maanincent air view of clDud-TTrcattaod 


SmoWnfl Mountain, and its comnaulon neak, 
Ixtacclhuatl— The Wblte Woman Both are dormant vMcanocs on the Mexican plateau ^ 


Lava Valley of South Peru 
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Wonderful Crater of Popocatepetl 



With a roaring waterfall in the background — on tbe Icy slopes of Akutani one of the many volcanoes in the Aleutian 

Islands off the const of Alaska 


mouutaina iu the v'orld, though perhaps 
the record for actual height should go to 
the island volcanoes of the Pacific. These 
have an unseen base, miles below the level 
of the sea. This depth beneath the water, 
added to their visible height, would make 
them easily out-top the Andes. 

Extinct Chimborazo, in Ecuador, is 20,702 
feet high, while Cotopaxi, at 19,560 feet, is 
the highest active volcano. Some of the 
ancient Lava streams from the peaks of tbe 
Andes accumulated to great depths in the 
valleys below. So enormous were the quan- 
tities poured forth that lava a mile and a half 
deep has been measured in the ancient valley 
that is now the Cordillera de Vilca plain, in 
South Peru. This particular form of lava 
is to be found in tho whole chain and has 
been given the name of “andesite.” 

Beauties of Popocatepetl 

Central America has many active volcanoes 
and solfatoras, the majority being near the 
west coast. They are a continuation of 
the great volcanic ring round the Pacific 


that begins in the Andes. Here on the Mexi- 
can iilateau is the dormant volcano with the 
fasematmg name of Popocatepetl, which 
means the smoldng mountain. It is 17,509 
feet high and dominates the town of Puebla, 
which glories m magnificent views of the 
towermg peak. Rough roads used by the 
sulphur cutters wind their way towards the 
summit, but at 14,500 feet horses must be 
left behind, because the loose lava and ashes 
give them no foothold. The heat of tho 
sun on the snow-covered cone is mtense, 
although in September the ihermometer 
averages only two degrees above freezing 
point, so high is the peak. 

The reflection of the sun’s rays on the snow 
blinds tho eyes of ascending travellers, so 
that smoked glasses must be worn. The 
first Europeans to ascend Popoeatepotl were 
an investigating party of Spanish soldiers 
sent by &rte3 in 1510. The marvellous 
sight that met their eyes as they gazed doinTi 
the crater is still as wonderful for those who 
malce the journey to-day. Intensified by 
the light from the deep blue sky above, the 


Volcanoes of the Far North 
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Fujiyama, the Holy Mountain 


steep, rugged Avails reach down in a glory 
of variegated colour. 

Guatemala is also prolific in its volcanoes. 
One, Santa Maria (12,467 feet), which had 
remained dormant for centuries, suddenly 
erupted in 1902, and has been showing signs 
of activity ever since. The luxuriant forests 
that had overgrown its slope.s tvere devastated 
by the new outburst. Another, Agua (mean- 
ing water), was so named by the Spaniards 
in 1541 after it had destroyed the former 


peninsula of Kamchatka, and here, too, are 
many hot springs whoso waters flow together 
and actually form a deep river — the only 
reaUy warm river in the world. Running 
south from Kamchatka is a string of islands 
that look on the map like stepphig stones to 
Japan, and they carry the volcanic ring to 
Japan itself. ’ They are the Kurile Islands, 
In Japan itself fifty-four volcanoes are 
now recognized as recently extinct or still 
active. The most famous of them all is 



Photo; the late H, G. Pouting 

In Japan— the land at volcanoes. The crater of Fujiyama, which Is fiOO ft. deep and almost 3 miles In circumference 


Guatemalan capital with a deluge of boiling graceful, snow-capped Fujiyama or Fujisan, 
water from its flooded crater. . This great dormant volcano is venerated in 

Much farther north on the American con- Japan and pictures of it appear bn thmi- 

tihent is a virile centre of volcanic activity sands of vases, embroideries, gaily coloured 

in the Alaskan Coast range and the neigh- screens and fans,: : But its beauty is marred 

bouring Aleutian Islands. Mount Wrangell, now by the encroachments of Westernized 

on the Copper river, is still an active volcano. Japan. The Temple Fark, at its foot, is 

But the great part of the volcanoes in these littered with cigarette packets and tin cans, 

mountain ranges seem quite extinct ; the uut But Fujiyama is not yet deadi and the faith- 

expected may happen, however, after cen- fid beheve that she wiU yet pour the wrath 

turies of quiet, as when the top of Mount of her vengeance on the sacrilegious. 
Katmai blew off just before the Great War. Less picturesque but of far more iinine- 
IJnimak Island has two volcanoes which diate danger is Ko Bandai, 120 miles north 

supply the natives with sulphur and the of Tokio, which in 1888 blew off' ohe side 

glassy rock Called obaidioni Continuing along of its peak and blasted 3,000 tons of earth 

the northern arc of the Baoiflo ring, there are and debris over the nearby villagesi But 

forty towering volcanoes in the ; Russian it is earthquah:es rather than volcanoes Which 



Pliola the late H G Ponttns 

A truly beautiful sUht— Fujiyama, the sacied mountain of Japan, witb Its anow-streaked peak towering above the 

clouds. In the foreground Is Lake Motosn 


An Eruption that cost 36,00° Lives [ 276 ] _ An Awe-inspiring Spectacle 


devastate Japan so frcqiiently^ and these 
are dealt with in Chapter XXIX. 

The clearly-defined line of voleanoea con- 
tinues on through Formosa to the Philip- 
pines and then divide -i, for every island in 
the Moluccas and the Sunda Archipelago has 
its volcanoes and hot springs. It is here that 
the biggest volcanic eruption for centuries 
occurred in 1883, on the little uninhabited 
island of Krakatoa in the Straits of Suiida. 

One Monday, in August of that year, people 
living thousands of miles away heard groat 
rumblmgs and explosions. In Ce3don they 


wore given, not even the most timorous 
heeded them. Even as long as tlirce months 
before the final catastrophe, the drowsy 
peak awoke and began to pour out a gigantic 
column of smdeo and vapour, estimated at 
seven miles high. Over both sides of the 
Sunda Straits tell a great rain of ash and 
An exjieditioii that landed on the 
island a few days later had to wado ankle deep 
in fallen ash. A month lator a .second colinnn 
of slcain rose from the centre of tho island. 

Then a third column Imr.st foilh, helehiiig 
up ash and dust with the vapour till a vast 



Courtesy 

Krakatoa in full blaat— a striking photograph talcen from the olr of enormous clouds of dense smoko pouring from 

this East Indian volcano 

thought it was a wai’ship practising gunfire, canopy of cloud, many miles higJi, hung 
In Singapore vessels went out to look for a over the island. At night it was an awo- 
ship firing distress signals; and in Sumatra iiispirhig spootaclo. Showers of white-hot 
the troops were got ready, as it ivas believed lava hurtled into tho heavens, turning a 
that a fort was being attacked. glowing red as they fell on the slopes of tho 

But no one suspected the beautiful little pealc. One moment inky blackness; tho 
tree-laden isle of Krakatoa as being the next, Jioralded by a startling explosion, a 
offender. Volcanic eruptions, fiery lava blazeoffire. Across tho lowering dust-ourtaiii 
streams and earthquakes were such common- leapt and flashed shafts of forked lightning, 
places to the nearer inhabitants of Java and With such quantities of fiery matter ojoolcd 
Sumatra that they would have suspected from tho small island it may be that soa- 
one of their own many volcanoes much water had seeped into the boiling cauldron, 
sooner than the gently-puffing Porbuwatan cooling the surface lava and imprisoning the 
peak on Krakatoa. gases, for on August 26, 1883, with tho 

So, when warnings of impending doom loudest detonation ever hoard, the north part 



The Terrors of Krakatoa [ 277 ] The 49 Volcanoes of Java 

of the island was blown to fragments and were completely wiped out, and 36,380 
the southern side of the opposite peak was human lives were lost, mainly through 
cut clean off like a divided apple. Where drowning. More is said about this conse- 
once there had been hills 1,500 feet high was quence of volcanic convulsion in Chapter V. 
now a deep hollow over 1,000 feet below the Meteorologists reported that sunsets all 
smface of the Indian Ocean. over the world were coloured for as long as 

Tremendous air waves caused by the ex- three years after by the dust thrown into 
plosion encircled the entire world four times the atmosphere by the Krakatoa explosion, 
before their effect was too faint to be re- Krakatoa lies at a weak point on the 
corded. Three thousand miles away, at earth’s crust, at the junction of two tremen- 
Rodriguez, the noise was heard distinctly, dous cracks or faults. Through these fissures 



P/ioto^ the latB Jt. G, PofUing 

An unique view of Mt. Ei^biis^ the great Antarctic volcano, with a feathery plume of smoke Issuing from its crater. Dn 

the right Is the VMattorhom Berg'* 


The fine volcanic dust was blown all over on the sea bed has been forced the lava 
Africa, Europe, Asia and America. Day, to build the hundreds of yoloanio islands 
for hundreds of miles, was turned into black of the tropic seas. Java alone has as many 
night. Eor hours the crews of three vessels as forty-nine great volcanoes, 
shovelled the constantly raining dust from Extending almost as a southern hrab to 
their decks, and the captains strove in vain this great centre of activity are the volcanoes 
to find their way in the darkened Sunda of New Guinea and New Zealand. North 
Straits, J Island, in New Zealand, is a highly active 

But by far the. biggest terror was the tidal volcanic region. In the centre of its pumioe- 
wave whiph followed. It rose to more than covered plateau spreads the lovely lake of 
fifty feet in height, and swept wildly along Taupo, some 23S square miles in area, 
the coasts of Java and the neighbouring Beyond this lake stretohes a region, 6,000 
islandsj forced its Waiy through the: Indian miles square, of waterfalls, hot springs, and, 
Ocean to Ceylon, and was even niiidly felt in mniunerable pools wlaosa temperatttres r^ge : 
■ the Thames estuaryl Ships were destroyed from cold to boiling point. Many of ;^Ee .. 
like matchwood, harbours and villages around springs are noted for the remarkabie. oifriM 



Brupting Mountains of Antarctica [ 278 ] Mount Erebus, an Active Volcano 





Courtesy of the" African World" 

Looking down on the eternal snows In the crater of the extinct volcano Mt. Kibo» the higher of the twin peaks of 

Kllinunjaro 

they have effected in sufferers from rheumatic volcanoes of Antarctica, is on the British 
complaints. territory of Boss Island in the Boas Sea, 

Bar away to the south, in the Antarctic, and is approximately 13,000 foot high, 
we again meet with many volcanoes and It was on January 28, 1841, that Captain 
volcanic islands — a queer contrast, mountains J. Clark Boss, in command of the discovery 
of fire in a land of perpetual ice and snow, ship Hrebits, sighted the great volcano after 
Mount Erebus, the mo.st majestic of all the being the first explorer to penetrate the Boss 


.The world largest Tolcattqin'hiriqus^actloa — an 


y bmauna j,oa during the eruption ot 1926, showing liiurttalna 
then flowing. down the mountaihslcto ^ - ^ 



Mauna Kca, Mauna Loa, and Kilauea [ 279 ] 


Kilauea in Eruption 


Barrier, an enormous floating sheet of ice, 
roughly as large as France, Mount Erebus 
is still an active volcano. 

Bight in the centre of the great Pacific 
basin lies yet another gioup of volcanic 
islands, the Hawaiian Archipelago, And as 
though a giant had stood on Hawaii and had 
cast a handful ot pebbles to the south there 
lie, scattered all over the southern Pacific, 
thousands of islands mainly volcanic in 
origin, many even now quite active. 

In the Hawaiian group there are fifteen 
large volcanoes, all extinct except three in 
Hawaii itself. One, Mauna Kea (white 
mountain), is the highest island peak in the 
world (13,823 feet). Maxina Loa (long 
mountain) is the twin of Mauna Kea and in 
bulk is certainly the world’s largest volcano. 

The most spectacidar of the group is 
Kilauea. Its oval crater, which is the 
largest of active ones in the world, had walla 
1,000 feet high a century ago. They have 
now become eroded to about half that height. 
Kilauea has a subsidiary crater within its 
main orator which acts as a check on the 
lava fiow. When the boiling mass roaches a 
certain height it flows from the inner to the 
outer crater and largely disappears through 
some subterranean fissures. Kilauea has 
some grim tragedies to its account. In 1828 
the lava flow, combined with an earthquake, 
killed thirty-one people, and the accom- 
panying tidal wave swept away several small 
villages. 

Kilimanjaro and Kenya Mountain 

Crossing to Africa, there aro several centres 
of volcanic activity, hut in the main they are 
long dead and few of the craters show signs 
of Ho. They mostly appear along the great 
African Rift Valley (aee Chaptbs xxxix). 
When the land sank to what is now the 
Indian Ocean, a great cleft opened on the 
higher mainland left above sea-level. This 
formed the Rift VaUoy and along its weakest 
points volcanic activity was set up. 

Two of Africa’s liighest peaks, Kiliman- 
jaro and Mount Kenya, were then formed. 
Both are now oxtiuot ; indeed, one of the two 
summits of Kilimanjaro (19,326 feet) has a 
permanent ico-caj>, giving birth to real glacicra. 

Mount Kenya (17,040 feet) is now only the 
central core of an old volcano, from which 
glaciers spread down. Further along the 
great Rift lie a series of lakes terminating 
in the large Lalce Rudolf. At this lake’s 
southern end lies Mount Teleld, which 
unexpectedly burst into eruption at the 
close of last century. 



P/tofo BnUsh movtitone News 
Kilauea In eruption 


Topi Mftssw of rod^liot rock roUln^ down the mountain 
slopes* Ccfttrei Palm trees borne down and burnt by the 
molten lava. Bottcmi Dense steam and smoke arising 
as the lava reaches the sea 
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CHAPTER XX 
EXPLOSIONS TO ORDER 


T he first and, for long, the only uso_ of 
explosives was in propelling death-dealing 
missiles. Because of the impressive and 
terrible havoc which attends the explosion 
caused by war machines we are prone to 
lose .sight of the great services that explosive 
agents render to us in altogether peaceable 


■ways. It is true that man has used giui- 
powder, gun-cotton, dynamite and other 
explosives in order to kill his fefiows, but 
be has utilized it also for the arts of peace 
— ^in such operations as the formation of 
railway cuttings and tunnels, the prepara- 
tion of foundations for bridges, harbours, 
bghthouses and other structures, and the 
demolition of buildings. 

More than one mediaeval philosopher, im- 
pressed with the dri'ving force of gunpowder, 
toyed -with the idea of using it to force out 
the pistons of an engine; but the internal- 
combustion or “explosion” engine did not 
come until almost our OAvn day. 

Eg^osivos are substances which, in certain 


conditions, develop a sudden and enormous 
pressure that is exerted on their surroundings. 
This pressure is caused by the rapid conver- 
sion of the explosive into a gas or gases 
having a very much greater volume than the 
original substanco. An explosive may bo 
either a solid, a liquid, or a gas, and examples 
of these three forms 
are: gunpowder, nitro- 
glycorm, and petrol-air 
va])our. 

The first ex]iloHive in- 
vented was gunpowder 
and tho inventor is said 
to have been Roger 
Bacon. His discovory 
was made about the 
middle of tho 13th con- 
tury, and gunpowder 
romaiiiod the only effec- 
tive explosive until the 
middle of tho lOlh, when 
gun-cotU)n was invonted 
followed by nitro- 
glycerin. It may seom 
a little ctirioiis that 
these two explosives are 
able to he prepared 
from Huoh liaxmlesH sub- 
stances as cotton-wool 
and glycerin. Yet, if 
cotton-wool is treated 
with nitric acid, plunged 
into cold water, washed 
until every trace of the 
acid is removed, and 
then carefully dried at 
a temperature not 
greater than that of 
boiling water, it becomes nitro-oollulose, or 
gun-cotton, widely used as a propeUaut in 
guns both large and small. 

Glyoerin is a clear sweet liquid often used 
in toilet preparations and medicines. By 
allo-wing it to drop into a cooled mixture of 
nitric aoid and sulphuric acid, glycerin is 
converted into nitro-glycorin. In its liquid 
form this substance is so dangerous to handle 
that low couirbries will allow it to ho sold 
or imported in that form. To render it 
portable, safe and manageable it has to be 
absorbed in some inert porous material, in 
which form it is known as dynamite. Since 
there is a number of different substances 
used for absorbing nitro-glyoerin, it follows 



Courlesy of Catiaduui Nolioml Kailwoys 


Durlnethe construction of n dam, temporarr barriers — known as coHor-dams— have 
to be built to keep the water out while foundations are laid. These are afterwards 
destioyed, sometimes in the manner here shown where a coffer-dam, erected In 
connection with power scheme In Canada, is being blasted 
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Methods of Quarrying 


that there are a number of difEerent types 
of dynamite, each heiug known by a par- 
ticular name. Some of the absorbents are 
9 [uite harmless in themselves, but some are 
explosives or combustibles before absorb- 
ing nitro-glycerin. Blasting gelatine, for 
example, is a combination of nitro-glycerin 
and nitro-cotton, the latter being a less 
nitrated coUulose than gun-cotton. 

Before passing on to the uses to which 
man has put these explosives it is necessary to 
say something about detonators and fuses. 
A high-explosive if it is to be effective must 
develop the whole of its energy instantane- 
ously. For example, if a certain explosive 
were spread out m a layer over a large area 
and ignited with a 
match it would cer- 
tainly flare away 
rapidly and there might 
be an explosion; but if 
on the contrary a quan- 
tity were packed tightly 
together and struck 
with a hammer, the 
whole of its enormous 
energy would be devel- 
oped in a fraction of a 
second. Detonators are 
therefore always used 
for firing high explo- 
sives. They are com- 
posed of a highly 
explosive compound, 
such as fulminate of 
mercury and chlorate of 
potash, which is com- 
pressed into a small 
copper tube closed at 
one end. The other end 
of the tube is left open 
to receive the fuse to which it is firmly fixed. 

Blasting away Thousand-ton Masses of Rock 

Fuses, until comparatively recent times, 
consisted of nothing more than a trail of 
damp gunpowder, but this primitive and 
crude device has been almost entirely super- 
seded by a made-up fuse of fine meal powder 
wrapped up in a non-inflammable and 
waterproof casing. To this a slow match — 
a cotton cord soaked in acetate of lead and 
afterwards rinsed out and dried — ^ia applied; 
the flame passes from the fuse to the deton- 
ator and causes the high-explosive to develop 
its energy instantaneously. Nowadays the 
electric detonator is superseding the ordinary 
type, as it has obvious advantages and can 
be operated from a greater distance. 


An 5 'one who passes along the north coast 
of Wales will observe that huge masses of 
rock have been out away from the top of the 
mountains. Penmaonmawr, in particular, 
looks as though a huge knife had been drawm 
vertically dowm from its summit to some 
hundred feet or so below; then taken out, 
drawn across horizontally, and a huge slice 
removed. On the top of Penmaenraarvr 
there is a slate quarry, and at regular times 
dining the day explo-sions are hea^ denoting 
that a huge mass of rock is being split away 
from the mountain. 

Methods of quarrying differ accoiding to 
the natuie of the quarry and of the kind 
of stone being worked, but the follow-ing will 


give a general idea of how tho task is carried 
out. 

Assuming that stone is to be quarried from 
the side of a hill, a horizontal hole abSut 
thirty feet deep is bored with an air dilK 
Into this bore-hole is hiserted a dynamite 
cartridge which is pushed right to the bottom 
of the hole and thou exploded. The explo- 
sion will hardly affect the bored hole but will 
blast away a small chamber right at the end 
of it. A still larger space wifl be :^^uired, 
so one or two more charges are inserted and 
the process repeated until obamher is 
large enough for, say, 260 jp. of gelignite, 
an explosive which afcntai«l^hout sixty per 
cent, of nitro-glycerin. *^^6 geJignite is then 
pushed through the boro-hole with a wooden 
rod and packed into the end chamber. Two 
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One ol the many peaceful uses of explosives— detonating a great blast In the Athllt 
Quarries, Palestine, whence stone was token for constructing the fine harbour at Haifa 


How Rock is Blasted 
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Industrial Uses of Dynamite 


detonators, one as a standby in case the other 
misfires, are then inserted so that they touch 
the gelignite, and it is all fihnly “tamped” or 
packed. The hole must be filled up with 
some material which tvill not allow the energy 
in the explosive to be dissipated uselessly. 
The more firmly the hole is tamped, the 
greater uill be the effect of the explosion 
inside the chamber. Damp earth or clay is 
the usual tamping, though even water can 
be used. The charge is then fibred and the 
rock splits from the inside. 

The charge of 250 lb. of gelignite, men- 
tioned earlier, if the hole were bored in the 
best position and the charge placed correctly, 
wodd displace about 2.Q00 tons of rock. 
It is usual in quarrying to, split away large 
slabs or masses of rock and then, by drilling 
and inserting weaker charges, to split the 
slabs into smaller ones until they are ready 
for final sizing and shaping. 

When blocks of rectangular section are 
required a simple yet ingenious method of 
blasting them to the approximate size has 
been devised. Along the horizontal face of 
the rock a series of vertical holes is bored and 


small chambers made at the bottom of these 
holes. A similar series of horizontal holes 
is bored into the vertical face of the rock 
and these filled with water. Then a small 
cartridge of gelignite is placed at the top 
of each vertical hole, the whole aeries being 
fired simultaneously. The explosion breaks 
away the rock along the lines of the holes, 
thus giving a number of blocks of approxi- 
mately the same size and section. 

Tilling the Earth with Dynamite 

Mention has been made in other chapters 
of explosives used for breaking up wrecks 
and in working coal mines ; but one of the 
most interesting of the industrial uses to 
which dynamite has been put is in the 
service of agricultime. For hundreds of 
years farmers have ploughed their lands, 
season by season, breaking up the top layer 
of earth and turning it over. In this surface 
layer the seed is sown and year by year the 
crops absorb the nourishment in this shallow 
top stratum. By manuring, by the use of 
chemical fertilizers, by ploughing in feeding 
crops and by rotating his crops, tlie farmer 





Courtesy of the Canadian Cmernmmt 


Huge massee of tree-trouks floating down from timber forest to sawmill often become hopelessly Jammed and bavo to 
be released by explosives. Above, lumber-jacks are blowing up a big log-jam on the Montreal River In Northern Quebec 

is able to restore some of the goodness to a depth of four feet, so that they penetrate 
tho soil, and sometimes he lets the land lie three feet into the hard crust. At the bottom 
fallow to achieve the same purpose; but it of each hole a cartridge of dynamite is placed 
never regains the richness of virgin soil, with a detonator and fuse, and the charge 
Meanwhile underneath this layer of earth fired; the result is that the deeper soil cracks 
there is other soil which has never been and breaks up in ah directions, and becomes 
tapped and which has become more and as loose as top soil that has been ploughed, 
more compressed. The roots of the crops In addition, the dynamite kills the grubs that 
cannot find their way into this virgin soil abound in the soil, aerates the ground, and 
because it is too hard, and the rain cannot liberates the chemical foods necea,sary to the 
percolate through it. Because the moisture health of the crops. The rain drains away to 
cannot find an exit from the top layer of the lower layers of earth which are still 
earth, this layer is often sodden in winter; unbroken and forms a natural reservoir ; and, 
on the other hand, when the local moisture most important of all, the roots of plants are 
becomes evaporated, the stratum becomes enabled to grow downw’ards in their search 
too dry in summer * for nourishment, instead of having to travel 

In order to remedy the state of affairs horizontally along the surface of the subsoil 
described, the tiller of the soil resorts oooa- layer. 

sionally to deep digging, and various mechani- The general method of firing the charges 
cal cultivators are used for the purpose. In is for three or four workers, each starting at 
America, and some other parts of the world, the top of a row, to proceed along tho rows, 
farmers have found that dynamite digs the keeping practically level and lighting tho 
ground to much better effect than the fuses as they pass. 

mechanical cultivator. Holes are driven Orchards, too, have benefited by the use 
into the ground about twelve feet apart to of dynamite, both in the initial stages of 
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planting and n hen the trees are fully 
gronn. In planting the sapling a hole is 
blasted out with dynamite; the loosening 
of the surrounding earth gives the trees 
better opportunities for healthy growth. 
As regards fuUy gromi trees, these can bo 
aided by borhig holes three or four feet deep 
at a distance of four to six feet away from the 
trees. Charges exploded in these holes break 
up the earth round the roots and the treat- 
ment confers on the tree the advantages 
mentioned above. 

It is baldly necessary to mention the great 
value of djTiamito to the settlers in Australia, 
America and other new lands. The clearing 
of land for agricultural purposes would have 
been almoiit impossible without the use of 
dynamite to bloAV out the enormous tree 
stumps after the trees had been felled. 
Explosives are extensively used in drainage 
work: ditches can be made quickly and 
cheaply by employing dynamite ; and swampy 
or marshy ground can be rendered eventually 
suitable for ordinary crops if holes are bored 
deep enough to penetrate the clay pan that 
is holding up the water above, and charges 
of dynamite are then fired witliin the im- 
pervious layer. 

All over the world dynamite and the more 
powerful explosives are being used to Man’s 
good. Massive rocks impeding a flow of 
water, whose power could be harnessed by 
means of water turbines, are blasted away; 
floating down from the log camps of Canada 
to the sawmills, huge trees that have become 
jammed are released by a charge of dynamite. 
Steel girders and brick walls, once the frame- 
work of stately buildings whose usefulness 
is past, are demolished with speed and 
safety ; an immense towering factory chimney 
can be razed and made to fall in narrow 
limits by the skilful use of explosives. 
In very many ways dynamite is proving a 
powerful aid to Man in making use of the 
resources of the earth, but Man is also using 
it for his own destruction. 

Great Guns for Man's own D estruction 

The first discovered explosive, as we have 
said, was gunpowder, and it is recorded as 
being used in cannon about the middle of 
the 14th century. The gunpowder was 
pushed in at the muzzle, rammed home and 
a pad of soft material was placed against it 
to prevent it from moving. A solid ball of 
iron, mapped in a greasy cloth, was then 
pushed down the muzzle until it made 
contact with the soft pad ; and into the touch- 
hole at the breach was poured a small 


quantity of powder for the ‘ priming” 
charge. A light was applied to the touch- 
hole to ignite the proiielling charge in the 
barrel of the ordnance and with a sudden 
explo.sion, a roar and a flash of flame 
the camion-ball hurtled out of the muzzle 
at the enemy. 

This typo of war machino, however crudo 
it may seem to-day, spelt the doom of castles 
and forts of the Middle Ages and played 
its part in the Napoleonic Wars of the 19th 
century. Bifled guns did not begin to 
supersede smooth-bores until half the century 
had run, and hroech-londers wore made 
after 1858. Rifled muzzle-loaders long eon- 
tinned to be made, up to ordnance of sixteen- 
inch calibre and weighing a hundred tons. 
In the present century jrrogross has been 
both groat and rapid in field guns, siege guns 
and naval ordnance. Now inotliods of gun- 
making were evolved, more ofliciont ])ro- 
jectiles, and more powerful i)ro]iollents. 
Not until the Great Wai‘, 1914-18, did the 
new typos of gun and the now tyires of 
explosive play any groat part in warfare, 
so that wo must regard thorn entirely as 
modern inventions. • 



The first of the giant guns that made this 
war different from earlier eonfluits was an 
Austrian invention called tho Kkoda mortar, 
and its use in tho early days of the Groat War 
was responsible for tho Belgians being rmahle 
to hold tho forts of Lii'go and Namur, and 
for their being driven out of Antwei’]). When 
attacking Antwerp three motor-cars, each of 
100 horso-powor, wore used to tranH])ort 
respectively tho gun, its platform and its 
mount. Fiist the foundations wore dug 
out, then the platform laid in it; next the 
mount was bolted on tho platform, and the 
gun then fixed in position. Tho nearest 
point to Antwerp to which tho enemy gun 
could he brought was distant seven and a half 
miles, and since, of course, tho gunners could 
not see the object they wished to hit — in 
this case a large building — careful caloida- 
tious were made for indirect fire. Tho gun 
was loaded with an enormous shell weighing 
800 pounds, and trained into position; its 
muzzle, of course, pointed upwards. So 
powerful and effective wore those giant guns 
that Antwerp was soon mode untenable and 
had to bo evacuated. 

Later in tho War still bigger guns wore 
built, the Germans using some to throw 
shells on PVench towns, including Paris, 
from distances of more than twenty miles. 



A Shell that Fires Another Shell 


[ 285 ] 


The Modern Shell 


Few people know Irlie extreme efEective 
range of the most modern guns, since their 
capabilities are kept secret; it is doubtful, 
however, if range is so important as the 
measure of destruction which a single shell 
can bring about. Moreover, aircraft are 
coming to usuri) the function of long-range 
ordnance, at least as far as land warfare is 
concerned. • 

All these huge weapons of war have been 
made possible by the discovery of new. 


A slow-burning fuse stuck out at the top and 
this had to be lit before the bomb was 
placed in the barrel of the gun. The pro- 
pelling charge in the gun had then to be 
ignited, and if the luckless gunner were not 
quick enough, the bomb might explode inside 
the gun with disastrous results. This type of 
projectile by gradual stages evolved into 
our modern cylindrical shell. 

There are different types of shell and they 
are used for varied purposes, the better to 
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T}rpictd of the monstrous death-dealinfi macihittes whl<ds no one ever wants to bear ai^aia — a 12-lnch gun on railway 
mounting in a^lon on the AVestern Front during the World 'War» l914>18i Guns lar larger than this dropped 

shells in Paris from a distance of 75 miles 


powerful and manageable explosives. A gun 
loaded with a missile which in itself is a 
container of explosive materials and which 
is projected through space by means of 
another explosive becomes a weapon capable 
of destroying not only Man himself but all 
his works. When the shell itself is made 
to fire another shell at the appropriate 
moment, and so add yet further to its already 
great range, we obtain an engine of death 
terrifying in its potentialities though of 
fascinating interest. 

The shells used in modern guns have been 
evolved from bombs. In the earlier stages 
of their development they were like cannon- 
balls in shape but instead of being solid they 
were made hollow and filled with gunpowder, 

11 * 


effect destruction of personnel or material. 
The shrapnel shell is like a gun mthin a gun 
and contains within its casing a bursting 
charge and a mass of bullets. Its fuse is 
timed to ignite the bursting charge when 
the shell is above the target, so that the 
bullets it contains are hurled in all directions. 

Common shell, the progenitor of high- 
explosive shell, is designed to demolish the 
material impediments to the attacker’s 
advance. High-explosive shells, when they 
burst, destroy everything around them 
within a ivide area. The enormous air 
pressure set up in the vicinity is enough 
to destroy human hfe and rend the bodiiM 
of the victims. In the early days of the 
Great War, high-explosive shells were loaded 




with iJiciie atid, known 
as. lyddite, but slioitage 
of tho chomieah from 
which it is made iorcod 
tho warring connlrios 
to find other maieriivl. 
il’ f 1 11 i t r 0 1 0 1 u e u 0 
(T.N.T.), obtained 
from ooal-tar, was cm- 
ployed to a certain 
extent, but lioro again 
there was difficulty in 
obtaining the materials 
for its manufacture, 
therefore ammonal, a 
inixture of ammonia 
niteato, aluminium and 
trinitrotoluene, was 
employed. This in 
turn was superseded by 
amatol, a mixture of 
ammonium nitrate and 
trinitrotoluene in the 
])roportion of 40 and CO 
or 80 and 20. TJiongli 
amatol is a more 
powerful explosive 
than cither picric acid 
or trinitrotoluene, 
alone it is less violeul. 
From the vicw-pomt of 
the artillerist this 
characteristic is an 
advantage, because 
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the eixplosivo does not shatter the sliell into 
sucli small pieces. When a shell is blown 
into minute particles it is less capable of 
killing individuals, although, of course, if 
any shell makes a direct hit, man or material 
is utterly destroyed. 

The shells used in naval warfare are charged 
mainly with T.N.T., for lyddite has proved 
itself less capable of piercing the armour of 
warships. Diuing the battle of Jutland, 
British shells loaded with lyddite failed to 
break through the armour of the German 
warships, while German shells loaded with 
T.N.T. completely destroyed the battle 
cruisers Q?ieen Mary, Indefatigable and 
Invincible, and the cruisers Black Piince 
and Defence. 

On land again, the power of explosives 
is demonstrated in another way besides 
being projected from guns. Sappers and 
miners burrow their way under enemy 
positions and lay mines which, when they 
are exploded, fling tons of earth hundreds 
of feet into the air and destroy vast areas 
of land. At Messines, during the Great 
War, a charge of 90,000 lb of explosive 


was used in a single mine, and the total 
weight used in that sector was over a million 
pounds. 

Guns are not, however, the only means of 
projecting explosives at an enemy. At 
close quarters bombs, called grenades, are 
thrown by hand, and during the war of 
1914-18 were even projected by catapult. 
Hand grenades are miniature shells loaded 
with lyddite, and are employed to attack 
men in dug-outs, buildings, or other quarters 
where a direct attack is not feasible. Though 
no bigger than a cricket-ball, a grenade eon 
nevertheless deal death to half a dozen 
men. 

In the wars of the future a decisive factor 
may be the aerial bomb — ^peihaps the most 
terrible weapon of all — dropped from the sky 
by bombing aeroplanes that have a cruising 
speed of nearly 250 miles an hour and ace 
capable of carrying two tons of bombs. 
Against them defensive measures are being 
concerted, but it is doubtful whether any 
anti-aircraft gun can prevent them carrying 
out their work of destruction. Experts 
say that those huge floating castles, the 
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A droraatlo and awe-lnspiring spectacle— the explosion ol a dopth-charde. .This heavy charge of hljli 
Is detonated some distance below the surface of the water and Is Intended for Bhe destruction of submarines. It Is usually 

dropped from destroyers or similar craft 
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warships, heavily armoured ^ though they 
are, may be badly damaged wtliout a bomb 
even touching them , tor so powerful are the 
latest aerial missiles that if they drop close 
to the ship and explode under water,^ tho 
armour may be fractured and the^ rivets 
strained so much that the vessel will take 
in water; even propellers and rudders, it is 
said, will be put out of action. If a warship 
suffers a direct hit from one of these bombs 
it becomes a twisted mass of wreckage. 

It is only fair to say that other experts 
rebut these premises and maintain that 
the battleship will still be able to hold its 
OUT! against aerial attack. A counter- 
measure is the use of a special type of war- 
ship — ^virtually a floating anti-aircraft battery 
— ^that win protect the battleships from aerial 
attack and must in turn be protected from 
hostile sea-craft. 


Another type of bomb is tho torpedo. 
Introduced for use by special tor])cdo vessels 
and submarines, it has its counterpart in a 
similar machine dcvciopod for projection 
from aircraft. The naval torjwdo is in 
itself a miniature submarine vessel fitted 
with its own engines and screw-pro])cllerB 
and bearing a head filled Avith high exjilosive. 
When launched it travels at 40 knobs or 
more, the head exploding when its noso 
strilces the side of a vessel and blowing a 
hole in it. The aerial torpedo attains great 
speed, hurtling down on vessels or on towns 
and creating havoc wherever it strikes. 
The latest exporimenis are direel cd towards 
evolving a torpedo which, when dropjiod 
into the .sea, will swim round in circles. It 
is hoped that in following this circuitous 
route it will make contact with and bloAV 
up vessels that a direct attack might miss. 


CHAPTER XXI 

DRY PLACES OF THE WORLD 


OCATTERED about the world lie vast 
tracts of land which are of little or no 
use to maai. Owing to excessive dryness of 
climate they cannot support a sufficient 
vegetation to render them attractive human 
habitations. Transport problems present 
insuperable difficulties. The scanty plant 
and animal life existing upon them do not 
offer the means upon Avhioh thriving com- 
munities can subsist. The great races of 
mankind have turned from such forbidding 
areas to the more temperate zones. Only 
tho wandering tribes have remained to eke 
out a precarious existence in the great deserts 
of the world. 


These deserts — areas "deserted” byman-^ 
are mainly found in tropical and subtropical 
regions where the anmial r ainfall is less than 
ten inches . Certain of these are so arid that 
sometimes years pass without their experi- 
encing any rain. Aden, tho British port on 
the south-western edge of the great Arabian 
desert, offers a typical example of such a 
condition. 


The popular idea of a desert is that of a 
vast tract of sand situated iu close proximity 
to the equator. This is not altogether 
correct, for in Central Asia there are great 
barren stretches in quite temperate regions. 
But the dryness of the air and the position of 
such deserts, in the heart of a great continent 
away from the cooling moisture-laden winds 


of coastal areas, produce high summer tem- 
peratures. 

The scantiness of tho rainfall is mainly 
owing to the fact that high mountain barriers 
rob passing clouds of their moisture, and so 
prevent tho prevailing winds from jnoistoning 
the arid land on the other side. Arabia, for 
instance, would have a dofiniicly liighor rain- 
fall if, as tho south-west winds HWO]it over, 
their moisture had not ah’oady fallen on tlio 
Abyssinian highlands. Tho Kbiuglo dosort 
of Patagonia is swepi by westerly winds 
which have already clepositod most of their 
rain on tho western sido of tho Andes. 

Occasionally an area becomes a desert 
owing to some freakish local cause, as is tho 
case with tho Indian or Thar desort, which, 
lying between the Indus and the soiirco of tlie 
Ganges, is situated in a region seemingly 
inaccessible to cither of the main branehos of 
the wet south-west raoiy^n. 

In the great strotojjdK desort in troineal 
ai\d subtropical Northl^riea, tho ins\ifficiont 
rainfall is owing to an oiAtiroly different 
cause. Tho Sahara, Libyan, Nubian, Egyp- 
tian, and Arabiaii deserts all lie along a great 
belt north of, and paraUol to, tho equator. 
Colder winds, blowing from’ tho northern 
temperate regions, expand as they rise liigh 
above the hot, desert lands, and do not drop 
their rain, but carry it southwards to water 
the equatorial forests and swamps. 
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Heat of the Desert 


The Sahara is the world’s largest desert. 
It is, in reality, a gigantic plateau about 
1,200 feet high and throc-and-a-half miUion 
square miles m extent, or roughly the size 
of Europe without Scandinavia. Scattered 
about its vastnoss are the remains of old 
mountam ridges worn away by the action of 
wind and sand. To the north it is bounded 
by the Atlas Mountams, which are quite 
distinct from the desert, for geologically tliey 
belong to Europe . On its Boutbern extremity 
the Sahara merges into Nigeria, and on the 
west is bounded by the coastal plains fringu^ 
the Atlantic Ocean. Its eastern border, the 


whirling winds in the form of dust storms. 
The heavier part of the soil — ^the rook grains 
— ^remained, since the wind could not carry 
them far. It is of these rock grains that 
the sand of the present Sahara desert is 
composed. 

In the Sahara the summer heat is very 
great, especially in the west. The hottest 
night temperature knoum is 104 degrees 
Fahrenheit, but the average summer night 
temperaVuTe is 11 degrees. In the daytime, 
recordings have been made as high as 132-8 
degrees; this may^ he compared with an 
English heat wave of 90 degrees! As in 
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Clouds of blinding sand tliat are liable to appear with lightning suddenness in the arid waste-lands— typical desert whirl * 

winds seen between Kirkuk and Bagdad, In Iraq 


Libyan desert, is only a political demarcation, 
since Franco controls most of the Sahara and 
Italy the Libyan desert. 

Scientists have put forward several theories 
to explain the presence of the tremendous 
quantities of sand in the Sahara. The 
explanation which is now generally accepted 
is that the sand is the outcome of geological 
changes brought about by the ending of the 
Ice Age. The groat ice barrier extended as 
far as Central Europe, and the Sahara was in 
a temperate zone and consisted of vast plains 
of grassland when early man first inhabited it. 
As the ice barrier retreated northwards the 
winds became drier and drier, plants 
shrivelled, and throughout countless cen- 
turies the parched soil was carried away by 


most deserts, there is a shaip distinotion 
betAveen day and night temperatures. On 
one or two winter nights each year the 
ground in the Avest may even freeze, whilst 
in the central areas frost is more common. 

Fogs are frequent along the coast where 
the Sahara meets the Atlautic, caused by the 
meeting of cold currents of sea air with the 
hot air from the desert. Winds are generally 
light and irregular, but dust storms, Avhirhng 
sand pillars, and other Adolent air distur- 
bances are liable to occur Avith scarcely a 
moment’s warnmg. 

Only plants and animals that can exist 
with a very limited amount of water are able 
to live in such burning desert regions. The 
date-palm and tamarisk are the only trees 
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Desert Transport 
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The "Gbibll'*— the desert wind at the Northern Sahara 
— continues its work by day and nlfiht. A deserted town 
being slowly covered by sand, near Mur/uk 


found near the smaller oases, and ostriches 
roam on the higher land in the south-west. 
Hyenas haunt the dosort borders, but never 
licnetrate far into the waterless wastes. 

Since the days when Home and Carthago 
were the world’s groat powers, explorers have 
ventuied into the dreaded Sahara in the hope 
of discovering its secrets. Regular trade 
routes sprang up, connecting the oa.sos. The 
few hardy, wandering tribes became mer- 
chants ill salt, ivory and dates, carrying their 
goods on camels. Timbuctoo has been an 
important township for centuries, and is 
still the centre of the Sahara salt trade, the 
salt being collected from the dried lake bod.s 
of the Jnf district. 

Now, the inoLor-car and aeroplane are 
ousting the oamel caravans. Tbo I'Yencli 
recently orected a line of beacons right aoro.ss 
the Sahara. They are to guide the iiiglit- 
flying planes of the Trans-Sahara Air Service, 
The pylons which sujipoit the beacons arc 
made of steel, and are built very high to avoid 
being biirioil by deoji sand drifts. The 
beacons light automatically when dusk 
comes, and hold enough fuel to last two years. 


to be seen, and they grow in the few areas 
where water is found. These tracts, where 
coarse grass, date-palms and little desert 
plants &iiige a small pool or spring, are known 
as oases. The desert plants often have the 
most ingenious methods of obtaining water. 
Some have leaves thickly coveied 'with sensi- 
tive hairs which nightly absorb ovory drop of 
dew the moment it comes in contact with the 
plant. The most remarkable, however, is 
the Rose of Jericho (Anastatica) : as soon as 
the dry Reason commences, the plant con- 
tracts its stiff, fern-like leaves, ourluig them 
over like a hall of dried bracken. The wind 
tosses the baU for miles across the sandy 
wastes, sometimes for years, but the plant 
wiU never open until it alights on water or on 
damp ground. There it opens, puts forth 
smaU white flowers, and seeds in a very short 
time. The dried plants can be bought in this 
country and grown indoors. 

The largest animals usually found in the 
desert are certain species of deer and antelope. 
The lions that used to prey upon them are 
rapidly vanishing from the Sahara. Jackals, 
foxes, badgers, and rats occur, and innumer- 
able lizards, scorpions, locusts and flies. 
Birds such as duck and heron are occasionally 
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The fMt-rldittg camel Is a possession beyond price to tho 
desert tribesman. Here is a Tebbu of the Northern 
Sahara his mehaits, riding camels famous for their 

and 


d. The saddle, or rag/a, rests in front of the hump 
the animal is guided oy the rider’s feet on Its neiX 
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The Cradle of Islam 


The adjoining Libyan deaort extends from 
the Mediterranean to the Sudan. Across its 
dreary dunes and sandy wastes there is only 
one known route running north and south, 
through the oases of Kufara. IVavellers 
have described the dunes of the Libyan 
desert as “great motionless waves 200 feet 
bigb with an endless trough sometimas 
stretching for fifty miles.” 

During Roman times that 
part of Libya bordering the 
Mediterranean was a flourish- 
ing colony with important 
cities. The constant encroach- 
ment of the desert sand has 
buried many of those. The 
best preserved siructuros are 
probably those of Lebda. The 
treasures of this oiice-mag- 
idficcnt and rich city have 
been wonderfully preserved 
by the sand which now covens 
them. Although the great 
weight of the sand broke 
down whole walls, many 
beautifully worked columns 
and cornices have been found 
intact. 

Until 1911, Libya was a 
Turkish possession. In that 
year an Italian force crossed 
the Mediterranean and seized 
the capital, Tripoli. Since 
Libya has become an Italian 
colony many good roads have 
been built, and irrigation 
schemes are still in progress 
for the growing of cotton for 
Italian textile factories. 

A large area of the Libyan 
desert has been set aside as 
a sanctuary for animals and 
birds — something like a tre- 
mendous Whipsnade. There, 
the ibex, addax, onyx, and 
other kinds of deer are be- 
coming quite tame. Even the 
wild ostrich, which for thou- 
sands of years has inhabited 
these regions, has by kind 
treatment lost muoh of its fear of man. 
In cairns on slightly higher ground, human 
remains thought to be seven thousand years 
old have been discovered, together with 
ancient strings of turquoise beads, and 
waistbands ornamented with ostrich shell. 

The Libyan desert would continue straight 
across to the Red Sea but for the well-nn- 
gated strip of land bordering the Nile. The 


Red Sea is a part of the Great Rift Valley, a 
rock fault which stretches through East 
Africa to Palestine; and the connecting 
deserts of Arabia, Persia, and the sally Iran 
plateau are geologically a part of one great 
arid belt. 

In. the Arabian Peninsula, a tract of 
country six times the size of Germany, there 


arc only 7,000,000 inhabitants, 
one of the hottest places on earth and offers 
few attractions for human habitation. Not 
a single river traverses its arid expanses, 
and were it not for the underground water 
that crops out here and there from the 
limestone subsoil, the interior Vould be quite 
uninhabitable. Two of the bigger oa^ 
contain famous cities, Mecca and Mednia,.1ihe 



Seat of Mongolian Culture 

former the biitliplace, the latter the biu'ial 
place of the prophet Mahomet. A railway 
already connects Bagdad with Medina and is 
being continued to Mecca. Its main source 
of traffic is the conveyance of the countlo.s.s 
thousands oi Moslem pilgrims, many of 
whom come from distant parts of Asia to 
visit the Holy Places. 

Date palms flourish m all the oases and 


Sand Dunes of Takla-Makan 


that Mongolian culture which the Chinese 
claim as llio source of their own civilization, 
flming in the lolty Pamirs, two streams — ^the 
Yarlcand and Kashgar — flow rapidly north- 
eastwards Ihrough rocky, desolale country 
until they slow down in the north of the 
desert plateau of Takla-Makan. There the 
two meet and from that i)oint on their waters 
are luiown as the Tarim River. hVoni the 
eomo two other tributaries, 
nd Kerya, but they flow into the 
nly some forty days in the year, 
ho year they arc cither lost in the 
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Eastward and somewhat north of this 
Sahara- Arabian desert belt lies a great barren 
region north of the Himalayas. Here are the 
little-explored Takla-Makan and Gobi deserts. 
The Takla-Makan is the least inhabitable 
of all deserts, in spite of the fact that it forms 
the basin of a large river, the Tarim. Yet 
here, hundreds of years before Christ was 
bom, flourished important towns, the seat of 


'art of the vast OobI desert of Chinese Central Asia. 

\re only enough water to emiJty 
imerablc shallot^Uakes in their 
I tro are very few settlomonts along 
ks and none at all in the shifting 
eyond. The southern portion of 
i is composed of nothing but these 
>3 and drift sand exposed to the 
the bleak north-east winds, 
he north-west corner there is a 
I of moving sands. Old Chineso 
fer to such sands as “singing 
‘y very dry sand with grains 
exceptionally uniform and ireo from dust is 
able to make the strange singmg tones as it 
slides down the dune slopes, 

Marco Polo, the famous Venetian traveller, 
journeyed in the latter half of the 13th 
century across the Takla-Makan, then known 
by its ancient Chinese name, the Desert of 
Lop. The camel caravan took thirty days to 
cross the desert and Marco Polo’s 600-ycar-old 


Lop Nof, fhe Wandefing lake 
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descriptions read as true of conditions in the 
Takla-Makan to-day as then. “The journey 
is invariably over sandy plains or barren 
mountains, but at the end of each day’s 
march you stop at a place where water is 
procurable. ... At tliree or tour of these 
halting places the water is salt and bitter, 
but at others it is sweet and good. Tn this 
tract neither birds nor beasts are met with.” 

He relates, too, the desert superstitions of 
demons calling unwary travellers from the 
caravan routes. “Almost passing belief are 
the stories related of those spirits of the desert 


explorer Przhevalsky to tell the world in 1877 
that the Tarim emptied its waters into Kara 
Koshun, a lake in the south. 

Geographers and explorers aigued over 
the matter until, in 1901, the whole district 
was carefully explored by Dr. Sven Hedin, 
the Swedish traveller. He found that the 
mysterious Lop Nor Avas in truth a wandering 
lake. The Tarim had changed its course for 
1,600 years to flow south ; and more marvel- 
lous stiU, he later found that the vagabond 
lake was again, in 1928, returning to its 
ancient bed in the north. 
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rn to the Chinese as Sha-mo, this huge barren waste Is supnosed at one time to have been covered by a greet ocean 


which are said at times to fill the air with the 
sounds of all kinds of musical instruments, 
drums and clash of arms.” Marco Polo had 
obviously come across the singing sands. 

Tb is in the eastern portion of the desert 
that the mysterious Lake of Lop Nor lies. 
The Chinese believed that the Tarim was the 
source of their groat Hwang-Ho or Yellow 
■River, and that in its course it was swallowed 
by the Lop Nor to rc-appear again after a 
subterranean course in the Hsing-su-lai, the 
Sea of Stars, a lake in north-east Tibet where 
the Hwang-Ho lias its actual soiuce. 

European maps of 200 years ago marked 
the lake as being in the north-east of the 
Takla-Makan, for that was where the old 
Chinese map-makers of a thousand years 
before had placed it. But no European had 
ever seen the lake. Even Marco Polo had 
travelled south of it and never mentioned it 
in his book. It was left to the Russian 


Sven Hedin suggasts that once again the 
famous silk route from China to Romo may 
open. Once more the ancient town of Lou 
Lan on the lake’s border may bustle with life 
and trade. Already the returning waters are 
making a strip of desert green with vegeta- 
tion. Tamarisks are springing up and young 
poplars are rising above the level of the grass. 

Sven Hedin considers it more than probable 
that Lop Nor is the remnant of a tremendous 
lake which filled the desert basin in the Ice 
Age. Such a lake would have been com- 
parable with the Mediterranean Soa and must 
have been fed by glacial streams from the 
great mountains lying to north, west and 
south. When the ice retreated, the rivers 
could not compete with the evaporation and 
the winds; so their waters dwin^od and oyer 
a vast area the soil was blown away, leaving 
only the heavier sand grains behind. 

North-east of the Takla-Makan lies the 
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Monasteries in the Desert 


much larger Gobi desert, called by the Chinese 
Sha-mo, the sand desert, or Han Hai, the dry 
sea. It is a plateau, 3,000 feet above sea 
level. Great undulating stretches of coarse 
grass occur here and there in the boundless 
waste of yellow sand. Scattered about the 
Gobi are many salt swamps, remains of 
ancient lakes. 

Although several fertile oases relieve the 
general aiidity of the Gobi, the hard snow- 
bound winters make them very difierent 
from the well-developed oases of the warmer 
Sahara. It was from nomad tribes who 
trekked between these watering places that 
came the fierce warriors who terrorized the 
early civilized world. Genghis Khan and 
his hardy Mongol hordes came from the Gobi. 
The great Kublai Khan, conqueror of China, 
was originally ruler of the wild mountain 
country bordering this great desert. 

During Sven Hedin’s journey across the 
Gobi he found many remains of earlier cul- 
tmes. At one camp the expedition collected 
coins of an early Cliinese dynasty, seventy 
copper and one hundred and seventy iron 
objects, and arrow heads. Near by were 
curved stone knives and stone axes, relics of 
a yet older group of people, of the Stone 
Ago. 

Existence for the traveller is made miser- 
able when a sand-storm sweeps the Gobi. 
The fine dust penetrates through tent cloth 


and soon every article is coated with a yellow 
layer. Even tho water is thick and yellow 
lilce soup. Camels are tho chief moans of 
transport hero as in tho Sahara. Many are 
only half -tamo, having bceir captured from 
tho herds of wild two-humped cainols that 
roam tho Gobi. So necessary is this animal 
to the scattered Mongol population that oven 
murder is considered a lessor crime than the 
theft of a camel. 

Antelopes and gazelles, hares and part- 
ridges also dee out an existence in tho desert 
where seanty pasturage affords them sub- 
sistence and brackish water is occasionally 
found in small hollows. Small oases are 
being threatened by tho hungry camels, 
however, for as soon as now young trees make 
their appearance above ground, they arc 
oaten off. Only very old trees are to bo seen 
in many of such halting jfiaocs. 

While most of tho inhabitants live in 
yourts — skin tents over a wooden frame — 
many monasteries have been built near 
springs or water-pools. Such structures are 
built of rook or hardened earth, and the 
lamas or monies do little to provide for them- 
selves beyond keeping a nerd of camels. 
They depend on wandering shepherds and 
travellers for their neoessities, 

\,,,SPhero is a tliird groat desert area north of 
the equator, in the Wostorn States of 
America. This region, which includes B.B. 



„ - Struggling forward against biting wind and drifting sand 

Members of oi. explortaa party crossing the arid ridges of the Takln-Makan on their way towards Khoten 
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CaMomia, S.W. Aiiaona and western Nevada, 
has a very low rainfall and, being an enormoua 
plateau sheltered hy the western eoastal 
ranges, is largoly arid. Sections of grass- 
land and mountain ridges divide the plateau 
into several Satinet deserts. 

TIio most westerly is the Mohave, wnron 
reaches to withto fifty rnilos of the film oily, 
Los Angolcs, It consists of parallel raises 
and. intervening desert valleys. The air here 
is wonderfully stimnlatiiig although there 
is a tremendous drop fiom day to tught 
temperatures. 

The white-tailed jack-rabbit, sage-hen, 
sharp-tailed grouse and grasshopper find a 
home m this barren country. Amonjgst the 
scanty flora are various kinas of cacti, those 
ugly plants which exist by storing water ta 
their tWok fleshy stems and reducing their 
leaves to mere spines. Some varieties have 
tho appearance of small green prickly baUs 
lying in the sand. Others tower up taller 
than a man on hotsehaok ^d even render 
travel dangcaroua, since their gre^_ needle- 
like spines penetrate thick clothing and 
leather. 

In other desort sections grows the sage 
brush, a braaeWng diruh some three to ste 
feet high, with silvery-grey, hitter aromatic 
leaves, the buds and young leaves of wmoh 
provide food for the common sags - hem 
Eanging tho Mohave desert are hmds of 
■rfd jaokaasos, descendants of Spanim asses 
which were turned loose in the repon 300 
years ago. . 

To the north of this desert is a very Ipw- 
l^ng hollow called Death’s Volley, which is 
276 feet below sea level and is one of the 


most remarkable physical featares of Cali- 
fornia. The mountains around it are high, 
bare and brilUant with varied colours. A 
river, the Amargosa, enters it from 
but disappears into an underground 
Shade temperatures in Death’s Vali^ mva 
been recorded as high as 134 degrees fEwen- 
hoit, and tho valley has the lowest raonfoU in 
the country. One big commercial enterprise 
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that section of the desert lay, he could not 
lodge his claim until he had verified the 
location. A few months later he set out 
with two companions to stake his claim. 
Nothing further was ever heard of Smith, 
although the mummified remains of his two 
companions wore discovered years later, a 
hundred miles out in the Colorado desert. 

Turning to South America we find there 
two groat barren stretches of land, both 
sparsely inhabited. The southernmost is the 
Patagonian Shingle desert, which was formed 
by tho rocks, gravel and debris brought down 
by glaciers from the Andes during the Ice 
Age. When the glaciers melted, the debris 
lay soattorod thickly over the terraoe-lilm 
country east of tho mountains. Glacier 
rivers ceased to flow, and tho west ivinds, 
after crossing the Andes, were dry. Little 
rain falls oven to-day, and the strong wind 
for centuries has sorted out the smaller rock 
grain.s, silting up old rivor beds and leaving 
great oxiiansos of rounded pebbles of granite 
and volcanic rock. Intermittent rivers atiU 
flow, while salt ponds are found in the 
deepest hollows. 

Hero and there on the roclty tableland axe 
long depressions called bajos, which have 
become filled with fine sand and soil carried 
by the winds. Tho scanty rainfall collects 
hero and provides enough moisture for grass, 
Raiiohos ore to be fomid in the largest of theso 
bajos, with windmills for pumping up water. 

One may still find, too, small encampments 
of Tehuelohes and other of the original tribes 
of Patagonia. The Tehuelohes were once the 
dominant race of the region. Even to-day 
they are magnificent physical specimens, few 
being under six feet in height. 

Silver and Copper Mines of the Atacama 

The second great arid region in South 
America, the Atacama desert, which includes 
territory in Bolivia, Chile and tho Argentine, 
is inhabited by very modern settlements, for 
it has some of the most productive oopper and 
silver mines in the world. The Spaniards 
who came to South America throe and a half 
centuries ago, looking for gold, scarcely 
penetrated this salty, treeless region to the 
west, and it was only comparatively recently 
that the great Atacama treasure-house was 
opened. 

The higher land is known as the Puna de 
Atacama, and is a broken mountainous 
region, volcanic in parts and salty in others. 
In the east a few small streams Jfiow down 
from the Chilean Andes and help the poor 
pasturage hut are of no commercial value. 


As is commonly the case with the greater arid 
regions, the Atacama desert rises to a 
plateau. This plateau is parched and cold 
in winter; and although swept by rainstorms 
in summer, yields only scanty ijatches of 
tufted grass for small herds of domestic 
cattle. Salt lakes and dry salt basins form 
the only other supply of water. 

To the west the plateau falls away into 
rainless slopes and thence to the sandy plains 
where lie the famous nitrate deposits. 
There are actually several of these deposits, 
each in small, distinct desert areas, but for 
oonvenienoe they are generally grouped as 
part of the Atacama desert. The nitrate 
beds are not continuous, and vary in thick- 
ness from eight inches to fourteen feet. 

The Largest Copper Reserves in the World 

In the Chilean portions of the Atacama 
desert lie the largest copper reserves in the 
world, which are conservatively estimated to 
contain £134,000,000 worth of tho metal. 
Immense quantities of high-grade iron ore 
are also Icnowir to exist here, but for lack of 
coking coal they still lie almost untouched. 
Lead, cobalt, nickel, borax and guano are' 
found in and exported from this small but 
wealthy strip of desert. 

Though so barren, this area must have been 
inhabited for a long period. Explorers have 
come across textiles, coarse red pottery, and 
deep pit graves in the course of their excava- 
tions. Inhabiting tho desert are still a few 
survivors of a once powerful South American 
Indian tribe, speaking a distmot language 
kno^vn as Atacamenan. 

In. a depression of the great plateau of 
South Africa there lies a vast arid region, 
the Kalahari desert — ^with an area nearly as 
large as that of the British Isles. 

South Africa consists of a tableland Avith 
an average elevation in the west of more 
than 3,000 feet. Erom Lake Ngami, on its 
northern border, to the Orange Biver on the 
south, spreads the great, red sand plain of 
Kalahari. Most of the rain falls here in 
December and April in heavy, short showers. 
Summers are intensely hot, and in the dry 
period nights are often very cold. Dust 
storms are frequent. 

Several rivers attempt to flow across the 
Kalahari, the Molopo and its branching 
faibutaxies look quite impressive on a map, 
but they flow only for a short period of the 
yeax. The water is lost by evaporation and 
percolation into the sand. After heavy^ 
rains, mud flats in these river beds beoojpe 
shallow pans or lakes. Earlier traveUerfe' 
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were baffled by the fact that fish suddenly 
appeared, apparently from nowhere, after 
these heavy rains. Jt was discovered that 
in the drying river the fish burrowed into the 
mud before it hardened and emerged quite 
brisk when the rivers filled again. 

The dry river courses are easy to traeo, as 
the red sands bordering them have lost much 
of their pigment and become a white fringe. 
But water can usually be found not far below 
the surface in the beds of the larger rivers, 
though it is generally brackish. The original 
inhabitants, the Bushmen, still to some extent 
live and hunt in the grassier parts. They 
depend upon this underground water for 
their existence, and use hoUow reeds, fitted 
one within the other, to suck up the precious 
liquid. 

Most of the Kalahari sand dunes are 
covered with knee-high tussocks of grass, 
about fifteen inches apart. Quite large areas, 
too, are clothed with scrub and quick -seeding 
plants like everlasting flowers; while a 
variety of wild animals, birds and insects 
wander over the region. The ostrich and 
bustard, lions, antelopes, hyenas, jackals, 
'poisonous snakes, tarantulas, white ants, 


and mosquitoes aU exist on the Kalahari. 
Northwards the desert merges into grassland 
proper, and there aro found girafibs, rhino- 
ceroses, elephants, and other big game. 

Where tho Kalahari borders tlio Atlantic 
in tho west, the cold sea currents cause fogs 
as they do with the Sahara further north, 
and many travellers and marmers have lost 
their lives along tho dangerous coast. 

There is one small desert, tho Namib, 
lying to the south-west, which has an oven 
drier climate than the Kalahari. Its rainfall 
is only from ono to five inchea a year, the 
driest in South Africa. Tho dosort is a strip 
running parallel will) tho coast to Oliphant’s 
River, and is from eighteen to thirty-five 
miles wide. Tho long gravel plains of the 
Namib can only support a species of ice-plant, 
liohons, and the strange, mu.shroom-lilco 
Welwitschia. 

TAa Australian Deserts 

Following the line of tho Namib, on 
latitude 30 dogreos south, and progressing 
eastward on a globe, wo come to tho groat 
Nullahor plain, bordming tho Groat Austra- 
lian Bight. The rainfall hero is modpratc, 
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Courtesy of the Aaslialian National Travel Assoelatioa 
Parts of the so-called desert of Central AastraUa are not so barren as Is generally supposed. In the district near Alice 
Springs, the soil Is extremely fertile and after rain the grass can be ‘•seen’" grovrlng. Note the flat-toODed bills, the 
suttimlts of which Indicate the original level of the land • e 


bivt -whore liho plam peters out a.t the edge o£ 
the arid hinterland there have recently been 
discovered limestone oaves containing natural 
wells which for centuries must have supplied 
the natives -with water. The district has 
always been regarded with awe by the 
superstitious natives because the wind bellows 
up through holes in the limestone and makes 
weird meanings. 

From the NuUabor plain the land graduaUy 
rises to the interior plateau, whioh stretches 
drearily almost from south to north of the 
whole continent. Ages of wearing by -wind 
and dust hare exposed bleak scarps of the 
harder granite rocks. They aro not moun- 
tains in the true sense, although they 
sometimes reach 4,000 feet in height. 
But between these scattered higher 
lands the desert undulates monotonously 
from ground swellings to wide, salt-floored 
flats. 

The intense dryness is due to the position 
of Australia between the two main rain 
bolts of the southern hemisphere. The 
hot summer winds are trying, and the an- 
evemioss of the boat often causes “aii 
pockets" which arc a danger to the aero- 


planes that cross the dreary tracts of desert 
and Bornb. 

The physique of the Australian natives is 
considered by ethnologists to have adapted 
itself to desert conditions. They have thin, 
muscular bodies and their eyes are deeply 
set to protect them from the glare of the sun. 
Living things are found only on the edges 
of the desert, where salt bush and prickly 
spinitex grow. There are kangaroos, jump- 
ing ants, grasshoppere and, since they were 
introduced in 1862, millions of rabbits. 
The rabbits are a menace, not only because 
they eat food -that should go to the sheep, but 
because their warrens are steadily destroying 
plants and extending the area of desert. 

Gold was discovered in the middle of the 
I9th can-tury by prospectors reaching out 
from Western Australia, and is still being 
worked. Richer deposits are kno-wn to 
exist farther out in the desert, but the laok of 
food, water, and transport, as well as the 
unfavourable climate have hitherto defeated 
attempts to exploit them. With the develop- 
ment of the aeroplane, however, there is every 
prospect that the desert will soon, be forced 
to yield up its riches. 


CHAPTER XXn 

FERTILIZING THE WASTE LAND 


F r early ages when the world was only 
sparsely inhabited, Man could select the 
more fertile areas in which to make his homo. 
But, with the passage of time, as the numbers 
of human beings increased and they and their 
flooto needed mote food and pasture, areas 
less and less fertile had to he utilized. Strong 


peoples drove wealter tribes to the very edge 
of the deserts where they had to use every 
ii^enaity and artlflce to coax grass, grain and 
fruits from the parched earth. 

History has left us no definite record of the 
first people who watered their crops when the 
rainfell was scanty, but it is evident from the 
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remains of primitive contrivances and canals 
that irrigation was practised many thousands 
of years ago in several widely scattered places 
in the world. 

South American Indians of Peru and Chile 
stiU use ancient canals which yet bring water 
from the rivers to the desert regions. Somo 
of these canals are 400 to 600 miles in length 
and represent wonderful engineering feats 
for those ancient times. Yet side by side 
with them, other crude and primitive 
methods still persist to-day. The squaws in 
the Arizona dry lands sling a ^eat waterpot 
on a post as their ancestors did, so that the 
drips from the small hole beneath water a 
patch of onions. 

It is Egypt, however, that seems to have 
been the great homo of irrigation even as 
long ago as 2000 B.o. Paintings and 
sculptures of that period show the peasants 
baling water by hand for the thirsty fields. 
The annual floodings of the groat river Nile 
as it flowed through desert land had left, in 
the course of centuries, a narrow strip of 
fertile sediment bordering the river. The 
Egyptians must have quickly realized that 
when the floods were low they could arti- 
ficially supply water to the land just out of 
flood-roach, and stiU. obtain good crops. But 
baling by hand was a slow and laborious 
process. Inventive minds sot to work and 
primitive mechanical aids replaced hand 
labour. 



The Egyptian shadhoof and Indian denkli, 
the salda and Persian waterwheel and 
Archimedes’ screw were all produced some 
two thousand years ago. Yet even to-day, 
in all artiacially-oultivated arid country lying 
away from the modem irrigation basins, these 
devices are in constant ixse. 

The shadhoof consists of two rods crossed 
above a well or stream. Over their meeting 
point is baJanoed a long pole, its heavier end 
weighted with clay lumps or rooks, and on 
the thin, tapering end is hung a leather 
bucket. The lighter end, which tilts sky- 
wards when at rest, is pulled down by a 
rope till the bucket dips in the water. The 
rope is released and the counterbalance 
swings up the filled bucket. One shadhoof 
worked by hand can irrigate about four acres. 

The various forms of waterwheel are 
worked by cattle; in one common t3?pe a 
pair of oxon is yoked to a horizontal beam, 
which turns a wheel lifting an endless n>in.ip 
of huoliets or clay pots from a well or stream. 
When the filled buckets reach the top they 


tilt the water into a small canal leiwling into 
the ficld.s. About six to twelve acTe.s can bo 
thus constantly brigated. 

Our word river comes from “rivus,” a 
Latin one meaning a brook or stream , those 
who used the same stream worn called 
“rivals.” In Kuropo from Homan times 
much of tho prosperity of the agricultural 
regions depended on irrigation. 

Wind poAver was oxlousivoly iised and the 
energy of a running stream was cmijloyed to 
turn a wheel and raise some of its water for 
irrigating nearby lands. It was not, how- 
ever, until steam power was developed that 
any groat advance was made in irrigation. 
Thereafter tho windmill was largely disiflaced 
by tho steam pumping engine; to-day the 
small and compact internal eoraljusfcion 
engine is enabling farmers far from electric 
power linos to do their own pnmjnng, and is 
extending to the remotest quarters the lul- 
vantagos formerly available only to those 
whoso lands lay near groat cities. Rloc- 
trioity is rapidly becoming tho cheapest 
source of power and is caniod hundreds of 
miles on ovorboad cables. With its wider 
avaUahility, greater possihilitios than over 
are opened up for fertilizing thirsty lands. 
Already in the Sudan, in tho western United 
States and in India, tho desort “blossoms as 
tho rose.” 

Tho valley of tho Nile, including both 
Egypt and tho Sudan, is perhaps the moat 
interesting of all those places in tho world 
where desert has been and is being irrigated 
to produce food and tho raw luaterials of 
clothing. Tho rivet runs through absolutely 
barren desert and it is only beeauso the Nile 
and its tributaries rise far to the south 
amongst mountains with a hoaA'y rainfall that 
tho well-roplonishod waters can flow con- 
stantly through tracts of poi’chcd sarid to tho 
sea. 

In Egypt the river banlcs aro low and, after 
the rainy season in tho far-oll mountains, tho 
swollen waters flood tho surrounding strip of 
land. Eor thousands of years this flooded 
ribbon along tho Nile has yielded crops, and 
on each bank a strip of fertile land, built up 
by the repeated deposits of river silt, has 
been reclaimed. 

First Modern Irrigation Schemes in Egypt 

“There is too much Nile waber flowing out 
to sea,” said engineers, agriculturalists and 
politicians eighty years ago. “Much more 
water could be diverted over the arid soil 
and crops could be grown on the waste land.” 
As a first step tho ancient canals of Lower 
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Egyiili wore deepened, but every flooding of 
the river filled them with silt. The Khedive 
then gave to (lie Ei-enoh engineer Mougel the 
task of designing a weir or ban-age across the 
river. Two adjoining barrages were built in 
one over the Daraietta fork of the Nile 
and the other over the Rosetta fork, about 
twelve miles north of Cairo. The river, in 
flood time, could pass over the weir ; hut when 
it was low, tho water piled up behind the 
haiTuge sufficiontly high to flow into the 
network of canals upstream and thus to 
irrigate tho fields of Lower Egypt. Un- 
fortuiiatcly those ban'agos were not strong. 
Ho, in 1884, Sir Colin 
Roott Moncrioli, a 
British engineer, ex- 
tended tho masonry 
platforms and orooted 
subsidiary weirs imme- 
diately downstream. 

Upper Egypt, until 
1900, had made use of 
tho Nile waters only 
for what is termed 
‘■basin irrigation.” In 
that system a largo 
area of land, some- 
times as groat as 
60,000 acres, is sur- 
rounded by an earth 
embankment, into 
which is led a canal 
from the river. Water 
is flooded over this 
basin to a d^th of 
throe or four feet. As 
soon as it has drained 
away, orops are 
planted which need 
no further watering 
beforebeing harvested. 

This served very well 
during a brief crop- 
period following the 
Nile flood season, hut the ground for the 
rest of the year lay idle. 

At the end of the 19th century the Khedive 
Ismail had acquired groat estates iu Upper 
Egypt and determined to grow sugar-cane. 
But although ho had built a grand canal 
flowing parallel to, and west of the river for 
200 miles, it could not fill up during the low- 
river season, and the sugar-cane crops were 
not very successful. So a barrage some 
half-mile long was built across the Nile 
at Assiut to hold up water to feed the 
canal during the summer or low-water 
season, 


The work was finished iu 1902, having 
takenfour years to build, at a cost of £800,000. 
The Nile flood of 1002 was unusually low and 
the enghieer in charge of the newly-completed 
barrage decided to close the gates between 
the piers and head up the flood as in a proper 
storage dam. When sufBcient water for both 
winter and summer irrigation had been con- 
served, the river was allowed to flow fieely 
down to the lower reaches. This practice has 
been continued at Assiut every low flood, 
and the basin lands aiound can thus grow 
their crops of cotton, millet, maize and sugar- 
oano quite independent of the vagaries of the 


Nile. In 1936 the dam was strengthened and 
a concrete apron built on the bed of the river. 

Since Assiut Barrage proved so successful, 
others at Esna and Nag Hamadi wore built ; 
as a result Upper Egypt was freed from the 
fear of crop failures due to lowness of the 
Nile floods. With such an increase in the 
area of land utilizing tho Nile water each year 
there oame another problem. In some years 
the flood level of the river was so low that 
by the time the various irrigation schemes 
along the course of the Nile liad taken their 
supplies, little water was left to flow into the 
sea. If still larger areas were to be watered 
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Forming a beautltol ond regular pattarn^water foaming through the slutcea of fha 
Aswan Dam. The benefits accruing to Egypt from the constrnctlon of this great 
storage dam have been incalculable 
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then a storage dam must bo built, for safety 
in low-levol seasons. 

Tor years the idoa was discussed and 
finally Sir Benjamin Baker, K.C.M.G., and 
two other eminent engineers — M. Boule, a 
Frenchman, and Signor Torrioilli, an Italian 
— drew up a preliminary scheme. A nevr 
site was chosen above Aswan at the head of 
the Nile’s first cataract. The rivor here 
flowed through a bed of hard, red, granite- 
like rook, called syenite, which could safely 
take the estimated pressure of 1,000 million 
tons of water. So a vast resorvoir was biult, 
the masonry of whioh also was syenite, taken 
from neighbouring quarries worked since the 
time of the Pharaohs. 

Aswan Dam is 0,400 feet long, or about 
one and a fifth miles, and the “back” of 
water it impounded extended for 140 miles 
upstream. It was soon iound inadequate; 
and tho dam, in 1007-11, was taken up 
another twonty-throe feet, giving a head of 
153 feet of v/ater. The extra cost was 
£1,500,000, just about half tho original sum 
spent on construction. Engineers calctilated 
that when water was let out of tho 140 
"under” and forty “upper" sluices, the 
powerful flow down the dam-front would be 
BO tremendous that the “too,” or bottom of 
the slope, would soon bo worn away. So 
covering aprons and toe proteotions were 
built. With the extra height, the dam 
impounded about one and a half million acre- 
feet, or about double its former amount. 
In 1929 further heightening was found 
necessary and the dam was raised 29ft. 0in. 

No single irrigation work of modern times 
has been more useful or far-reaching in 
beneficial results \ipon agricultural and 
industrial welfare than the Aswan Dam. 
The 1913 flood was the lowest for 150 years 
and, but for this dam’s storage water and 
that impounded by the many barrages along 
the Nile, there would have been temblo 
famine and an economic collapse iu Egypt. 

Irrigation in the Sudan 

Though we think of Egypt as the “land 
of the Nile,” only about one-third of that 
river’s len^ is in the country of the 
Pharaohs. For the earlier part of its course 
it flows through the desert and semi-desert 
areas of Nubia or the Anglo- Egyptian Sudan, 
whioh had never been so intensively cul- 
tivated as Egypt. What water the in- 
habitants required for th^ crops they 
obtained by using waterwheels. In 1909 an 
experimental farm was opened near Khar- 
toum, the capital of the Sudan. New 


irrigation canals were dug and cotton grown. 
Tho yield was highly Hatistactovy and plans 
were made to o.\tead tho area under cultiva- 
tion. Sudan is tho homo of tho long -fibre 
Egyptian cotton, but up to that time iio 
great quantities had boon gi'Ovvn. 

A British joint-stock company, called tho 
Sudan Experimental Plantations Syndioato, 
entered into an agi’oomont with the Sudan 
government to develop abotit 100,000 aorc.s 
of land ill tho almost barren Gezira jilain, at 
tho junction of tho Blue and White Nile.s. 
Tho Groat War hold up construction of a new 
dam, five miles south of Scnnar, but by in- 
stalling now pumping stations tho area under 
cotton was incroasotl to 22,500 acres. 

By July, 1926, tho dam was built at a cost 
of £6,000,000 and an oxtonsivo system of 
canals costing a fui’thor £3,000,000 was dug. 
Tho Scnnar or Makwar Dam fiuiotions both 
as a dam and a barrage. It enables the 
ordinary river supply to flow on to tho lower 
reaches of tho Nile, but stores GOO million 
tons of water, more than sufiicioiit to moot 
the demands of the Gezira cotton, lentil and 
bean crops in the dry season. 

Tho main canal lining from tho dam is 
about 36 miles long before tho watoi's it 
carries are branched off for irrigating. Tho 
area cultivated by the Sudan Syndioato alone 
in 1929-30 was 160,000 acres. Actually the 
Sennar Dam now stores sufficient water to 
irrigate an area of more than twice that 
acreage, and further extensions arc being 
planned. 

Irrigation in Abyssinia 

Other irrigation schemes have boon put in 
hand for several of the desort plains of tho 
Sudan. Chief of these is at Tokar, wlioro tho 
chocolate-coloured flood of the Barakat- from 
Abyssinia spreads a thin coating over tho 
Tokar plain. Canals to control the direction 
of the flow have brought the waters to tho 
cultivated areas, whereas formerly they wore 
wasted on barren sand. 

Along tho Sudanese banks of the River 
Gash, which rises in Abyssinia, tho control 
of tho floods has rosultocl in bum 2 )or cotton 
harvests, greatly increasing the prosperity 
of the inhabitants. Tho overflow of the 
river used to flood the plain of Kassala to 
such an extent that none of its water roachoil 
the Blue Nile during high season. Constant 
progress _ in irrigation work and in canal- 
making is going on to-day in connexion with 
the Gash. 

The problem of the fertility of the irrigation 
water is one that is occupying agronomists 




Photos; American Colony, Jerusalem & Egypfian Travel Surmv 
Some Idea of the vast quantity at water Impounded by the Aswon Dam may be gained from this photograph taken front 
an Imperial Airways liner. Note, also, the width of the dam (approx. miles) in comparison with that of fh^ 
Nile beyond. Topi A side view at the dam before it was heightened a further 39 It. 6 in. in order to increase the 

amount of water stored 
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The bnge Sukkor Barrage across the Hirer Indus seen from the air during const! uctlon and when completed In 1932 
In the vien from upstream (top) taken In 1931, the coffer-dams erected for the building pf the divide walla (see below) 
are clearly shown on heth banks, as are the irrigation canals and their head regulators In the bottom photograph, 

OSes also Illustrations on following pages) 


Dam for the Blue Nile 
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Schemes that Ward off Famine 


very seriously. The Nile, as we have seen, is 
a groat silt-beaiing river, and on this account 
the -water impounded by the Aswan and 
Sennar Dams has to bo taken from the 
November flows when the water is clearest, 
otherwise the silt would choke the dams and 
render them ineJfective. “But,” the reada: 
may ask, “does this mean that the cotton 
lands will suffer, for lack of the fertilizing 
silt ? ” That remains to be seen. Ceitainly 
the yield per acre has dropped in lecent years. 
On the other hand, two more factors have to 
be considered, the cotton is grown year after 


great barrages and dams are reclaiming desert 
land and preventmg the periodic fammes 
that since time immemorial have taken their 
heavy toll in human lives. Any failure of 
the monsoon -wmds to bring their normal 
supply of rain to India at the end of the 
summer caused immeasurable hardships to 
the peasantry, for the soil in this semi- 
tropical country cannot hold sufficient uater 
to serve the crops during the dry months. 
For cerfturies waterwheels and other crude 
irrigatmg devices had been the only pallia- 
tive, but the year 1885 saw the beginnmg of 



Courtesy of fhe Iniitan Railways Rttrean 

Notable as an architcLtural as well as an eniilncering leat— the Sukhur Barrage from the south, at low water. The 
pleasantly designed tarrlage-way stands 17 leet above the highest flood-level 


year on the same land without rest or rota- 
tion, and less fertile areas are now being 
cultivated, thus lowering the average yield. 

The Italo-Abyssinian war caused the 
temporary suspension of other important 
Nile utilization schemes, that were under 
disonssion between the British, Egyptian and 
Abysaiuian goverumonta. One for the budding 
of a dam at Lake Tana, in north Abyssinia, 
has been accepted in principle for some time 
past. If constructed, this dam will conserve 
to the lull the waters of the Blue Nile. 

In India, too, irrigation has been practised 
extensively for many centuries; and to-day 


a new era in the conservation and distribution 
of flood water. For the next forty years 
successive new developments took idace. By 
1923-4, 28 mdlion acres were under irrigation 
in British India alone, and later schemes have 
brought the total for all Lidia to nearly 60 
million acres. 

By far the larger amount of the irrigation 
water is stdl supplied from tanks, wells and 
annual inundation channels. This is to some 
extent unavoidable, since India has only two 
rivers at all comparable in size to the Nile. 
These are the Indus and Ganges, both rising 
in the Himalayas. The Ganges lies in a 
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The Siikkuf Barrage 


The Indus and Irrigation 

great plain uith a fairly satisfactory rainfall, 
hut ill order to assist crop growth in iho 
hotter and drier times of the year, irrigation 
channels draw upon the river water. 

The Indus flows through Sind, a district 
in the north-west of India. The rainfall hero 
is scanty: in Upper Sind it is often no moro 
than three inches a year, and in. some years 
no rain at all may fall. Between the Indus 
and the Gange.s hes the Thar desert, a sandy, 
uninhahited region Avhioh is out of the path 
of the wet monsoon winds. But worse thm 
the Boantiness of the rainfall in Sind is its 
irregularity. Although the people there from 
lime immemorial have practised water 
storage, and have dug an extensive system of 
canals, repeated crop failures hi bad monsoon, 
years shoAved that moro peruiajient irrigation 
works AA'ore needed. The canals either became 
choked by the silt-bearing Indus water, or 
else the banks Avere eroded when high-level 
AV'ators flooded the countryside, as they often 
did for some fifty miles on either bank. 

The Indus has an average AA'idth of a mile; 
and Colonel Walter Scott as far back as 1847 
declared that such a volume of Avater could 
be controlled only by a solid weir or barrage. 
But various subsequent commissions of in- 
vestigation either considered the coat of such 
a structure too great, or thought its con- 
struction not a pressing enough necessity, and 
the plan Avas shehmd. Constant improve- 
ments in the canal system itself Avont on, 
however: canals AA'ere given ueAV heads that 
prevented excessive inundation of silt- 
bearing water; new channels were dug on the 
better slopes to aid the natural floAv, and the 
general network was extended. 

The Gigantic Sukkur Barrage 

The govomment of the Bombay Presidenoy, 
which controlled Sind, was stiU dissatisfied 
and in 1910 submitted a soheme for con- 
structing a barrage upstream of the rooky 
gorge at Sukkur, where it would be formded 
upon rock. Again the proposal was tAomed 
down, on the grounds of it needing loo great 
an expendllvue. But when, in 1916, a 
revised scheme was tabled, detailing the 
proposed enlargement of the irrigation area 
and the proAdsion of a permanent water 
supply, the GovenAment of India agreed to 
it. The successful accomplishment of the 
imdertaking was largely due to Mr, A. A, 
Musto, C.I.E., to whom was entrusted the 
preparation of the final report and the design 
of the barrage. lu 1918-20 ho re-designed 
the whole projeet, and work began on the 
Sukkur Barrage in July, 1923. The barrage 


Avas actually built throe miles below the 
Sukkur gorge, and a scheme atom iiicluclod for 
a system of canals to be fed from ihc Sukkiu: 
reservoir. 

Tho base of tho barrage is a Avido masonry 
floor foimded upon sand. Built upon this 
floor aro fifty-eight piers each ten feet thick 
and sixty feet apart : and seven tAventy-fivo- 
feet abAAtmont piers, one placed bctAvcon 
every nine of tho smaller iiicrs. The sixty- 
feet sluiceways aro provided with gates to 
raise the Avator-lcvol to that required for full 
supply. A railAvay, on whicli runs a three- 
ton locomotive ornuo, crosses tho doAvnstroam 
arches; it pulls six trolleys on Avhioh is 
mounted oloctrio machinery to loAvcr or raise 
the gates. Tho whole of tho sixty-six spans 
can bo closed in one and a half hours avIiou 
sudden fluctuations in the river-level make 
it lAecesaary. A caiTiuge-Avay, seventeen feet 
above the highest ilootl-lovcl, and tAvo ftjot- 
Avays totalling a width of tAVoiity-three feet, 
cross the upstream arches. Thi> iirA'hes are 
of concrete, but the suporslrueture is built of 
masonry faced with hard, cream, y-Avhito lime- 
stone. 

Lord Willingdon, Viceroy of India, oHioially 
opened tho barrage in January, 1932; it is 
often called the Lloyd Barrage, after Lord 
Lloyd, a former Governor of Bombay. Tho 
total cost, including 6,109 miles of canal 
excavation, was about £16,000,000. Throe 
groat new canals, each as wide as tho Thames 
at London, take off from iho right bank 
upstreaAn and foin from tho left. They 
irrigate an area of 5,010,000 acres. About 

3.500.000 acres of this land had prcAdously 
been unirrigated and Amcultivated land. 
Irrigation water from the reservoir will ho 
avaflable for main crops two months earlier 
each year than before. 

It is estimated that by 1962, 2,440,000 
acres of wheat, 790,000 acres of cotton, and 

695.000 acres of millet, besides other iwodiioe, 
Avill be cultivated. This is tho maximum 
possible with the present irrigation works. 
In 1920-30 only 287,000 acres of wheat, 

326.000 actres of cotton and 1,016,000 acres of 
millet were produced in British Sind. 

Crop rotation must be carefully watched if 
crops are now to follow one another all tho 
year round. I’ertility used to be maintained 
by a "fallow” or resting period for tho soil. 
Now, such restorative crops as ground-nut, 
berseem and pulses alternate with those 
taking much nutriment from the soil. Ckops, 
like sunn-hemp aird iiAdigo, to be ploughed in 
for their manurial content, are now grown 
more frequently and it is hoj>ed to introduce 
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A romaiknblQ ttansfoTxnAtlon from parched mud-flats to a vast sheet of flourishing wheah Johi Pat| In the Southern 
Dodu division, before and after the fonclloning of the Sukkur Barrage Irrigation canals, one of which can be seen on the 
right of the bottom photograph. Harvesting is in piogrcss m the far distance 



Mettut Dam 
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Tanks for Storing Water 


some mixed farming when the new irrigated 
fields are well established. 

The Sutlej Vall^ Scheme 

North of British Smd lies the Punjab — 
watered in part by the Sutlej, a groat tribu- 
tary of the Indus. In 1926 four weirs were 
completed, one on the Clienab Biver and 
three on the Sutlej itself. Twelve main 
canals distribute enough water held back by 
theseweiis to irrigate 6,000,000 acres. Three 
and a half milbon acres of this land, wl^h was 


Tudway Mullings, 0 S.T., the chief engineer 
on the project from 1927-31, 

The dam was officially opened in 1934 and 
forms part of the Cauvery Reservoir scheme. 
The Stanley Resorvoii- above Meltur saved 
the 1933 props when the north-east monsoon 
failed to bring rain, Electric pumping from 
wells sunk along the river margin has been 
initiated to irrigate other arid areas in Mysore, 
The Depoan also has a most iiroearious 
rainfall and water-storage has been piactised 
for centuries as a stand-by in case of drought. 



H, J. Sliipstone 

Boulder Dam, whlcb holds up the River Colorado In Black Canyon, In the course of constiuctlon. The crest of the dam 
la 727 ft. above bed-rock, and 3,260,000 cubic yards of concrete have gone to Its making. {See also illustrations In 

Chapter XU) 


lireviously barren desert, are now producing 
grain together with lentils and other pulses. 

The only other irrigation work in India which 
oan'approachinmagnitiidethe Sukkur Barrage 
and Sutlej Valley schemes is the Mettur Dam 
in the southern State of Mysore . This pro j ect, 
designed by Colonel EUis, was held up because 
of the Gireat War, but after ten years of river 
measuring a start was made in 1925. The dam 
cost £4,500,000 to construct, the cement alone 
costing £700,000. The dam’s main task is to 
alleviate sudden river fioodings rather than, as 
at Sukkur and Sutlej , to pile up water for canal 
flows. A knighthood was conferred on Clement 


Tanks ai’e found in every village, some hold 
enough water to irrigate only ten acres, whilst 
others arc in reality great l^es. Inscriptions 
on two great tanlts in Madras, which still 
irrigate two to four thousand acres, prove 
thorn to bo over 1,100 years old. Tho most 
common practice nowadays is to dam up 
water during flood-time to form a storage 
lake near the head of tho comparatively 
short river valleys. This water is released in 
the dry months as required. Fifty miles or 
so downstream there will be a “pick-up ” weir 
which piles tho water to a sufficiently high 
level for it to run oft into tho irrigatmg canals. 



Nizamsagat Dam [ 309 ] American Enterprise 

Such a dam is the Nizamsagar, -which was States Settlers were slow to migrate to these 
opened in Hyderabad in March, 1{)35. It is regions because of the scanty rainfall. For 
forty-nine square miles in area and supplies centuries the hand irrigation of the T 7 i,HnT,o 
water from its nmc deep sliiioes to four wens and their Spanish conquerors was the only 
lower down the river Manjra, each carrymg means of supplementing the meagre rainfall, 
automatic flood-gates. The NawabAli Nawaz It was the zealous missionaries who first 



Taken from a height of 20,000 It.— a wonderful vertical air photograph of the 145,000 acre reservoir formed by the 
Boulder Dam. An area of over 200 square miles le covered in this view and the dam Itself can be seen ns a minute semi- 
circle at the bottom of the photograph. The special camera with which the picture was taken exposes ten negatives 
simultaneously, producing the overlappmg octagonal print seen above 

Jung Bahadur undertook the projoct, which established modern irrigation canals in 
was carried out by Mr. 0. C. Paul, M.I.E 1 . America, especially in California. Hailing 
During recent years many great irrigation from France, Spainand Italy, where intensive 
sohomes have been undertalcen in the United irrigation is carried on even in fairly well- 
States of America. Particularly notable are watered districts, these priests showed the 
its ooncroto storage dame, and the mechanical poor settlers how to utilize water supplies 
devices for distributing the water. The and grow crops on the desert itself, 
greater number of such works are to be Salt Lake VaUey lay utterly ne^eoted 
found in the arid and semi-arid Western because of the intense salinity of the soil, 

la— w 


Gtand Coulee Dani) Washington 
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An All-electric Township 


until the Mormon pioneers settled there in 
the middle of the 19th centiucy. They 
brought the water of City Creek by canals to 
their crops, and the wilderness produced 
sufficient for their needs. The settlers, how- 
ever, were not wealthy enough to build largo 
barrages and dams for their crops ; but 
government schemes wore brought forward, 
and large land and water corporations put 
up the capital for building the costly works. 
In 1919 about 20,000,000 acres of land were 
irrigated in the United States. Since then, 
many new dams have been built, old ones re- 
constructed, new drainage systems employed 
and canals extended. It is estimated that by 
irrigation a total of 63,000,000 acres of desert 
and poor land can be made to grow crops. 

Great projects are now in progress on all 
the big rivers in the United States. The 
Grand Coulee, the world’s largest dam, is 
beuig erected on Columbia River in Washing- 
ton. Over 1,200,000 acres of desert will be 
fertilized when this Avork, begun at the end 
of 1934, is completed. The dam will be 
<312 feet high above bed-roolc. The crest of 
the dam is 4, 100 feet long, about 600 feet leas 
than the crest of Sukkur Barrage. The Coulee 
Dam is to provide power, as well as water, for 
30,000 highly modernized, fully electrified 
forty-acre farms within its irrigation basin. 

Besides the enormous lake that will be 
impounded, a separate reservoir, 310 feet 
above the level of the dam, is being built to 
supply irrigation water. Twenty giant pumps, 
each of 33,000 horse-power, will lift the water 


from the dam through a two-mile long canal 
to fill tho reservoir. An immense conveyer 
several miles in length has been constructed 
to haul sand and gravel from tho pits to the 
largest sorting and washing ifiant knoAvn. To 
protect tho rook at tho toe of tho dam from 
erosion by tho enormous flow of water over 
the spillway, a deep pool is to be provided. 

The bustlmg Americans have an intorosting 
sideshow m connexion with tho building of 
the dam. Mason City, a temporary town- 
ship to house the workers, is being used as an 
experimental field laboratory for testing out 
electrical service for domestic use. Long 
before the full solieino for utilizing the 
Columbia River is finished, electricity will bo 
employed in that region for every conceivable 
task — domestic, industrial and agricultural. 

In March, 1935, a groat dam was put into 
operation as part of a sehorao to utilize the 
water of the Colorado River in California. 
This, the Boulder or Hoover Dam, impounds 
a lake 116 miles long with an area of 145,000 
acres. Tho work Avas begun in 1931 and it 
is expected to take six years to complete, 
including tho construction of the All- 
American canal taking off from Imperial 
Dam, higher up tho river. Imperial Dam 
already irrigates great fruit farms in Imperial 
Valley, and a further million acres will bo irri- 
gated by the new canal. This dam and canal 
are a pressing need, for the 1934 drought 
ruined £1 ,000,000 worth of crops in the valley. 

As long ago as 1905, an American engineer, 
A. P. Davis, conceived tho idea of constructing 
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Damming the Colorado River 
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The Wilson Dam 



An extraordinary view of the Norris Dam floodlit while work was proceeding during the night. The dam. which Is on 
the Clinch Blveri Is part at a big Irrigation scheme for the valley of the Tennessee Hlver 


such a dam in the Black Canyon where the 
walls of the gorge rise 800-1,000 feet in the 
midst of the desert. President Hoover was 
much attracted to the scheme some years 
later, and his interest made the enterprise 
possible. The construction was put into the 
hands of F. T. Crowe, an engineer of wide 
experience in dam building. Since the river 
narrows in the Black Canyon gorge, its height 
is greater there, and a dam with a ciest 
1,180 feet long and towering 727 feet above 
bed-rock had to be constructed : the famous 
Woolworth building in New York, if stood 
on the river bed, would only just overtop it. 

Great care had to be taken in pouring the 
five and a half million barrels of cement for 
concrete, for the whole sides and base of the 
dam rest on rook, the temperature of which 
is much lower than concrete. To prevent 
cracking, pipes containing refrigerated water 
were inserted temporarfiy. The engineers 
have calculated that it will take 150 years for 
the concrete to cool to the temperature of 
the surrounding rooks. 

Modern machinery saved tremendous 
labour during construction. It took 1,200 
men and machinery loss than two years to 
place a greater volurao of masonry than is 


contained in the great pyramids of Egypt, 
which are estimated to have occupied 100,000 
men for twenty years. The dam itself took 
over four years to construct and it will bo 
about another four years before the reservoir 
IS completely filled. One hundred and fifty 
miles downstream from Boulder Dam, Parker 
Diversion Dam is in course of construction. 
It is to serve as storage for a lOO-mUe-long 
reservoir. In the meantime power for con- 
struction work and for lifting water is drawn 
from Boulder Dam. 

The most recent irrigation scheme in the 
United States is that of the Tennessee Valley 
Aitthority, commenced in 1933. The idea 
is not new. Ever since the dasra of George 
Washington engineers have dreamed of 
harnessing these swift-fiowing waters to the 
needs of man. During the Great War a 
mile- wide dam — the Wdson Dam — vas built 
on tlie Teimessee River at Muscle Shoals. 
It is now incorporated in the new and larger 
scheme. Although the area to be developed 
has a moderate rainfall, it has been, rather 
neglected in the post; intensive cultivation 
by irrigation and the development of new 
industries should make it an important centre 
in the near future. 
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r »rf IgaHon undartaklng-BurriiiJuck Pam, on the Murrumbidgee Ktver, New South 

I- there Is new a poputetton of over 16:000 bnthe toWated 
area. In 1 934 the rice crop alone was sutacient to supply .the needs of the Gommonweatth. Fruit apS cattle-foddM 
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Stoty of the Norris Dam 
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Irrigation Schemes in Australia 


Several of the dams planned by the 
Tennessee VaUey Authority are well on the 
way to completion. Norris Dam is expected 
to be complete in 1936, at a cost of almost 
£7,000,000. It is built of concrete and is 
situated on the Clinch river, eighty miles 
above the point where that tributary joins 
the Tennessee. It has a crest 1.370 feet in 
length. Yellow silt is Norris Dam’s chief 
enemy, for the cutting domi of forests 
bordering the Teimessee has loosened the 
sod. Special measures have to be taken to 
prevent the dam being silted up and, as a 
precaution, forests are behig planted round 
the new lakes in order to bind the soil. 
Wheeler and Pickuick Dams, both part of 
the Tennessee scheme, are nearing comple- 
tion, while preliminary surveys for three 
others arc under way. 

The great deserts atretchmg throughout 
the central basin of Australia are too far 
from any water supply to make them worth 
while irrigating. The rainfall is negligible 
and not a single river flows through the 
barren stretches. On the edges of the desert, 
however, where grass and snltbu.sh can eke 
out an existence and water can be brought 
fipom not-too-distant rivens, irrigation pro- 
jects have been put into practice. But the 
object of such schemes has usually been to 
develop poor grasslands which have not been 
previously occupied. 

The best-known undertaking of the kind 
is the Biverina Irrigation scheme on the 
Murrumbidgee River, New South Wales. 
The headwork is the Burrinjuok — ^popu- 


larly “Barren Jack” — Dam, which can 
store up to 960,000,000 toits of water. It 
is 240 feet high and 7S4 feet along its crost, 
and is built on a quarter-ckele curve after 
the design of the Roosevelt Dam in the 
United States. This shape has the properties 
of an arch and gives more resistance against 
the uator pressure than the slraight-Une dam. 
The masonry i.s crushed sandstone in cement 
mortar, with plenty of large granite “plums” 
to strengthen it. 

Settlement of new inhabitants began in 
1912, long before the dam was complete, and 
now, where formerly there was only poor 
grazing for sheep, are rich fruit orchards, 
fields of com and extensive piggeries. 
Peaches, apricots, apples and grapes thrive 
excellently on the well- watered plain. 

A larger dam — ^the Hume Reservoir — 
begun in 1919 was completed in October, 
1934, as part of the New South Wales 
Riverina scheme. It is situated below the 
jtmetion of the Milta Mtta and Murray 
rivers. Two weirs and locks on the Murrum- 
bidgee, one weir at Yarrawonga, and barrages 
near the river mouth to prevent silting, are in 
the course of construction to complete the 
scheme. Hume Reservoir’s capacity is twice 
that of Burrinjuck and it wiU probably be 
used to supply electric power later. 

The Dawson Valley scheme in Queensland, 
now approaching completion, comprises a 
140-feet dam at Nathan’s Gorge. It will 
impomid some 3,100,000,000 tons of water, 
wMch be used to irrigate a quarter of a 
million acres of dry grassland. 


CHAPTER XXni 

TOWERING FOREST AND IMPENETRABLE JUNGLE 


'T’HE Amazon, in some respects the 
^ mightiest of all the great rivers of 
the world, rolls its tremendous waters for 
4,000 miles across the broadest port of 
South America, all but linldng ocean with 
ocean. We have written about this great 
river itself on another page, and here we 
shall concern ourselves chiefly with the 
remarkable country that constitutes the 
enormous basin drained by the Amazon 
and its iimumerable tributaries. Here is to 
be found the largest area of virgin forest, 
much of it impenetrably dense and quite 
unexplored, on the face of the globe. tJpon 
this dark jungle the vertical rays of the sun 
beat down mercilessly throughout the long 
tropical day, as though upon the roof of a 


gigantic hothouse; yet, so thick is the screen 
of branches that only a fraction of the heat 
of the sun, and still less of its light, filters 
into the dim, chaotic wilderness below. 

The heat is stifling; a faint mouldy smell 
of decaying vegetation fills the motionless 
air; the soft, yielding earth, formed of the 
undisturbed, accumulated Icaf-mouldof many 
thousands of years, is hidden beneath a rich 
green carpet of ferns and enormous mosses, 
ftnjm which rise the lofty pillars of the forest 
trees and an indescribable tangle of under- 
growth and creeping plants. Now and then, 
the narrow track is blocked by a prostrate 
tree trunk, felled by one of the short, sudden 
and furious storms that sweep the Amazon. 
Entirely cloaked in vegetation, it is fast 
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crumhliag into decay, while other great 
trunks growing so close together that they 
have not had room to fall full length, lie 
rigidly in the arms of their fellows in an 
endless variety of attitudes. 

Only rarely are several trees of the same 
kind found together hi the Amazon jungles; 
the forests of single species, such as the pine 
woods of the north, are here unknown, so 
that out of the many scores of trees contained 
in a large area of jungle, only a few may he 
of similar kinds ; and this lends the scene an 
inexhaustible diversity. Prom the roof of 
the forest, a hundred feet or more above the 
earth, hang the long, trailing stems of the 
creepers, dangling in enormous loops and 
coils among the branches which, like ropes, 
they link together into a single living mass 
of green; twining like snakes round the tree 
trunks or round each other, or hoisting them- 
selves aloft by means of the long curved 
spines on their leaves and stem. Many of 
the lianas that hang from the tree-tops are 
unattached to the earth; they are the aerial 
roots of parasites which grow upon the 


boughs at a dizzy height above, and draw 
theh’ sustenance from the sap of their host; 
and in their turn they are exploited by 
convolvuli and other creepers with gorgeous 
blooms, which twine around them, under the 
inlluenee of the all-pervading urge to reach 
the roof of the forest. 

The boundless region that lies among the 
tree-tops has a life of its own that has little 
connection with that which teems on the 
earth below; it is, as it were, anotW world, 
of which the denizens aro chiefly bu'ds and 
monkeys as well as insects of every possible 
kind. Most of the Amazonian monkeys aro 
entirely arboreal in their habits, and seldom, 
if ever, descend to earth, and the groat 
majority of them are very timid and in- 
offensive little creatures. They travel to- 
gether through the forest roof in troops of 
varying size, feeding as they go on fruits and 
nuts which they pluck from the branches, 
and swinging themselves nimbly from tree 
to tree by moans of their long, thin arms 
and strongly prehensile tails — all ceaselessly 
twittering and screaming the while. The 



Dense forest of the Amazon basin from the air nn. 
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Bitd Life of the Jungle 



Though huge tracts of the Amazon forests remain unexplored, in the areas adjacent to towns and villages civilisation has 
begun its vvorlc of progress and has thrust its way through the barrier of trees and undergrovidb to make mads 


spider monkeys, graceful and slender, are 
coveted by the Brazdians as jiets , but 
other species are ]uat as eagerly eaten for 
food. 

There ore monkeys with faces of flaming 
scarlet, and others again that resemble owls, 
with yellow staring eyes. There ore dainty 
little marmosets, measuring but seven inches 
or so in length of body, and there are great, 
black howlers that make the night hideous 
with their booming roar. 

Occasionally a heavy, cumbrous sloth, 
bound upon some obscure errand, proceeds 
cautiously from bough to bough, hanging 
upside down by his hooked claws. Carefully 
he tests each bough before entrusting his 
weight to it; and his shaggy coat, infested 
with grey-green parasitic algse, so exactly 
matches the dull tones of the tree-tops that 
it constitutes a most perfect disguise. 

The bird life of the Amazon jungle is very 
rich and varied, ranging from the tiny 
hummmg-brrd, gleaming like a rare jewel in 
purple, gold or emerald-green, and flitting 
from flower to flower through the patches of 
sunlight with inconceivable velocity, to the 
loud-voiced, yelping toucan, with its enor- 
mous, grotesque beak and gaudy feathers. 


There is the drably clothed umbrella bird, 
which has a perfect little sunshade of feathers 
on the top of his head, which he can erect 
fit will while uttering his loud, piping call, 
like the long-drawn notes of a Me. There 
are elegant scarlet and black tanagers, and 
jacamars, kingfishers and trogons, whose 
brilliant feathers gleam with metallic splen- 
dour; while high among the branches, looking 
like sleepy bats, hang the strange, pendulous 
nests of the red and ydlow orioles. Herons — 
both white and blue — long-legged storks, 
crimson-feathered ibises strut about among 
the swamps and sedges; while overhead, 
high above the canopy of the forest, fly 
enormous flocks of pigeons or companies 
of gaily feathered parrots, proceeding in 
re^or order, two by two. In the Amazon 
vmley is found also one of the finest and 
rarest of all the parrot tribe, the great 
hyacinthme macavr — ^three feet long, of soft, 
deep, exquisite blue, with a ^eat hooked beak 
of enormous power. And on tho Upper 
Amazon can be heard the slow, mellow strains 
of the organ bird, the finest songster of the 
South American forests, whose clear, fluty 
and deliberate notes delude the traveller 
into imagining that he is listening to the 
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Gommeuoement of an air on a musical 
instrument. 

The insect life of the humid Amazon jungle 
defies all description. Beetles, ants, spiders, 
moths and butterflies swarm in the air, the 
tree-tops, the undergrowth, and the habita- 
tions of men. In the neighbourhood of a 
small settlement on the Upper Amazon, 
H. W. Bates, the naturalist, found no fewer 
than seven thousand species of insects. 
There is a moth that wraps its chrysalis in 
a silken net and suspends it by a long thread 
&om the tip of a leaf. There are leaf insects 
that can scarcely be distinguished from green 
or faded leaves, and moss insects that look 
like sprigs of moss or lichen. In the branches, 
monstrous hairy spiders, six or seven inches 
in length, lie in wait for birds, which are 
entangled in their stout, sticky webs and then 
devoured. So large and substantial are some 
of the Amazon spiders that native children 
may now and then bo seen leading one about 
with a string tied round its waist, for all 
the world like a pet dog. 

Giant Spiders and Glorious Butterflies 

Immense numbers of mosquitoes and 
venomously stinging flies, so numerous as to 
resemble thin clouds of smoke, make the life 
of the unprotected traveller a torment, while 
the terrible red fire-ants, whose sting is like 
the pain of a red-hot needle, take po.sscsslon 
of whole villages and drive out the wretched 
inhabitants to seek fresh homos. But the 
beauty of the Amazon butterflies does much 
to compensate for the evil habits of other 
insects. Their number is enormous: witliin 
an hour’s walk of Para, H. W. Bates found 
700 species, mono than twice as many as are 
found in the whole of Europe. The maj ority 
of them are delicately lovely, their wings 
shimmering with a myriad tints. Some of 
them are giants, measuring nine inches across 
the extended wings; others are transparent 
as crystal and delicately veined and spotted, 
while the resplendent butterfly of metallic 
blue, from whose pinions the well-known 
jewellery is made, is visible a quarter of A 
mile away as it dances about gaily in the 
sunlight, high above the forest paths. 

Comparatively few large animals hatmt 
the jungles of the Amazon. The ciudous, 
timid tapir wanders about at night, browoing 
on leaves and fruit. Herds of wild hogs 
force their way through the undergrowth; 
the armadillo and the ant-eater pursue their 
slow and solitary route. All these animala 
are hunted and eaten by the Indians. Tho 
stealthy puma, spotted all over or else quite 


black, and tho lordly jaguar, king of the 
South American wild, stalk softly along the 
jungle paths on tho track of tho creature that 
is to provide their supper, 

Eoptilos aro particularly plentiful , Hugo 
anacondas lurk near tho pools and atroains, 
waiting to seize the animals that come down 
to drink. Boa constrictors, “as thick as a 
man’s thigh” (which sooms to bo tho con- 
ventional standard for measuring snakes), aro 
common and, being considered quit o' harm- 
less, are sometimes kept as pets. Of smaller 
snakes there are numerous spooies, including 
some of tho most deadly in oxistonce. 
Lizards of exotic colour and curious form 
scamper ovorywhore over tho dead loaves, 
or lio motionless along tho branches of tho 
trees. Tho rivers and their banks swarm 
with huge turtles, three foot or so in length, 
which together with their eggs have for 
many centuries formed a main article of diet 
to the Indians, though their numbers show 
little sign of dimmution. Most repulsive and 
most dreaded of all tho inhabitants of 
tropical America, tho cunning, cowardly 
alligators float half-submorgod liko black 
and deca 3 ung logs, or dragghig their fifteen 
foot of armour-plated musclo on to a sand 
spit, bask for hours in tho sun, waiting 
perhaps for some heedless orcaturo to wander 
within range of thoir heavy tail, only to bo 
knocked down by a lightning blow and 
dragged into the dark Avator. 

Atvg and Terror of a Tropical Storm 

A tropical storm breaking over this groat 
jungle is an aAvful and unforgettable spootaclo. 
The dry season comes to an end about the 
beginning of February, and at this time 
sudden furious squalls aro liable to occur 
without the slightest warning. The forest 
gives voice to its agony in a murmuring roar, 
above which is hoard tho terrifio crash of 
collaiising trees, which often bring down 
others in thoir fall, inseparably bound to 
them by tho rope-like lianas. Tho cries of 
terrified animals and birds are united in a 
noisy protest against the tempest; while tho 
ceaseless roar of thunder and the clatter of 
ttio tropical rain on tho tree-tops fulfil the 
perfect conception of chaos, intensified by 
the immense and lurid flashes of lightning 
which scintillate over jungle and river. Yet 
scarcely an hour later all may be calm again, 
the dark forest appearing serene and vm- 
moved beneath the moon. 

Yet even during the brightest, the most 
prosaic hours of the day, the voice of the 
forest has a note of foreboding and mystery, 
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Nightfall in the Jungle 


a murmur arising from the immense drama 
of life, of alternate joy and tragedy, that is 
beii^ enacted within its depths. On this 
subject let us listen to Mr. Bates, who knew 
the Amazon jungle as few Europeans have 
ever done. 

“We often read, in books of travels, of the 
silence and gloom of the Brazilian forests. 
They are realities, and the impression 
deepens on a longer acquaintance. The 


the WTlderness, as some great bough or entire 
tree falls to the ground. There are, besides, 
many sounds which it is impossible to account 
for. I found the natives generally as much 
at a loss in this respect as myself. Sometimes 
a sound is heard like the clang of an iron bar 
against a hard, hollow tree, or a piercing cry 
rends the air; these are not repeated, and 
Ihe succeeding silence tends to heighten the 
unpleasant impression which they make on 
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Couttesy Of the ''African WorlA** 

Stretching away tor miles and miles to the mountains on the far horlzon-^a characteristic panorama of the vast hush 

of Equatorial Africa 


lew sounds of birds are of that pensive or 
mysterious character which intensifies the 
feeling of solitude rather than imparts a 
sense of life and cheerfulness. Sometimes, 
in the midst of the stillness, a sudden yell 
or scream will startle one; this comes from 
some defenceless fruit-eating animal, which 
is pounced upon by a tiger-cat or stealthy 
boa constrictor. Morning and evening the 
howling monkeys make a most fearful and 
harrowing noise, under which it is difficult 
to keep up one’s buoyancy of spirit. The 
feeling of inhospitable wildness which the 
forest is calculated to inspire, is increased 
tenfold under this fearful uproar. Often, 
even in the still hours of midday, a sudden 
crash will be heard resounding afar through 
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the mind. With the native it is always the 
CuTupira, the wild man or spirit of the forest, 
which produces all noises they are unable to 
esplain.” 

We will take our last view of the forests 
of the Amazon as night is falling. As the 
glowing sun sinks down behind the dark 
forest, troupes of hoarsely screaming parrots 
and macaws fly over to their resting-places. 
Their passing is the signal for an evening 
chorus from the forest; the mournful scream- 
ing of howling monkeys, the shrill whistle of 
locusts and cicadas, the hooting of tree-frogs, 
the sinister hum of millions of mosquitoes, 
blend with countless other noises from near 
and far into a single, unforgettable nocturne. 
As darkness closes, the fireflies begin to flit 
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about the trees, while enormous moths and 
long-horned beetles fly heavily through the 
air. Great dark-winged hats — ^leaf-nosed fruit 
bats, hideous though harmless, and blood- 
sucking vampires — issue from the forest in 
squadrons, and silently flap their way in 
wide circles over river-bank and swamp. 

Wherever there is water, the voices of the 
frogs are raised in a regular, monotonous 
concert. “There are three kinds,” says 
Alfred Russel Wallace (“Travels on the 
Amazon”), “which can frequently he all 
heard at onoe. One of those makes a noise 
something like what one would expect a frog 
to make, namely, a dismal croak, but the 
sounds uttered by the others were like no 
animal noise that I have ever heard before. 
A distant railway-train approaching and a 
blacksmith hammering on his anvil, are what 
they exactly resemble. They are such true 
imitations, that when lying half-dozing in 
the canoe I have often fancied myself at 
home, hearing the familiar sounds of the 
approaching mail-train, and the hammering 
of the boiler-makers at the ironworks.” 

As the evening lengthens, all louder noises, 
one by one, are stilled and only the incessant 
monody of the frogs and insects, the melan- 
choly cry of a nightjar or the terriflod scream 
of a distressed animal in the forest, break the 
silence of the tropical night. 

Mysteries of the Congo 

In the remotest parts of the Belgian Congo, 
lying between the headwaters of Africa’s two 
most mighty rivers, is the gi'eat Congo 
forest, whoso 25,000 square miles of dark, 
reeking jungle are still, as they have been 
since time immemorial, the repository of the 
inmost mysteries and secrets of a continent. 
The internal fastnesses of the Congo forest 
have been seldom penetrated by white men. 
The undergrowth is so excessively rank and 
dense -that off the beaten track every yard 
of the way would have to be cut with an 
axe. Tortunately, there are paths through 
the jungle, which, though narrow, are kept 
open perpetually by generations of anima.lR 
nightly making their way to the water-holos. 

Giant trees, roped together with a tangle of 
lianas, rise for perhaps 200 feet or more on 
either hand, and their spreading branches 
form so vast and thick a canopy that the 
sun, burning with tropical ardour outside, 
can only succeed in sending a thin pencil of 
light here and there into the gloom of the 
forest. During the daytime, twilight for ever*" 
reigns; the air is suffocatingly hot and heavy 
and humid with the enormous radiation of 


moisture from the living forest. Stagnant 
water stands about in pools which exhale a 
noisome smell when disturbed, and over 
which hang clouds of mosquitoes and venom- 
ous flies. Though there is a general similarity 
about all tropical forests, the jungle of the 
Congo is less diversified, more a-vvful and 
gloomy, than that of the Amazon. The 
plumage of tho birds is loss brilliant, the 
general aspect of the vegetation more sombre, 
and there is everything to warn the Iravellcr 
that this is a land of peril, not of charm. 
Enormous pythons lurk by the waler-holes; 
the lion, leopard, hyena and juckal roam the 
forest paths; elephants crash their way 
clumsily through the undergrowth, and 
crafty, somnolent crocodiles swarm in tho 
black, oily mud of the sluggish creeks and 
streams that eventually feed tho Congo. 

The Central African forests hold an almost 
inexhaustible reserve of valuable trees — 
mahogany, ebony, African teak, camwood 
(which yields a rod dye), and tho silk-cotton 
tree, with its enormous root-buttresses that 
may project as much as twenty foot. Gigantic 
tree-ferns with twelve-foot fronds mingle 
their foliage above the forest paths, roofing 
them m like a tunnel ; while monstrotm mosses 
and lichens mow to luxuriance in tho dim light . 
But of all the myriad plants of the forest the 
most valuable to man are tho tough Lm~ 
dolphia vines that hang like draiierios over 
tho trees, and yield, on tapping, a superior 
quality of rubber. 

The tree-tops are tho undisputed realm of 
a host of monkeys, including the chimpanzee, 
whose dreary cries can often bo hoard from 
a great distance. Deep in tho forest the 
formidable gorilla is to be found. These 
great apes wander about in families, occasion- 
ally leaving tho shelter of the forest to raid 
tho outlying plantations. As night ap- 
proaches, they construct rude beds for them- 
selves by breaking down the undergrowth 
into a hoap, upon which they sloop in a 
sitting posture. Travellers in tho Belgian 
Congo have related how these most man-like 
apes post sentinels in the branches of trees 
when they are feeding, to give warning of 
the approach of danger; this tiresome duty 
is generally entrusted, for some reason, to a 
young female, but below her, just in case 
she ^ould allow her attention to wander, is 
said to be stationed an old male, who 
summarily recalls her to her semes by 
reaching up his long arm and administering 
a sharp pinch. 

Towards the eastern boundary of the Congo 
forest, between Lakes Albert and Albert 
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Courtesy of the ' Sottlkern Rhodesian Government 

Luxuriant tropical vegetation of exceptional size and often of great beauty Is typical of the African forests. A grove of 

graceful palms near Vlctoxte Palls « Bbodesla 
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“Kill or be Killed” 


Edward, the rare okapi has its home, aiid 
here it was discovered by Sir Harry Jolmaton 
in 1900. This strange animal is related to 
the giraffes, though it has a much shorter 
neck, and its legs and hindquarters are 
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forest, where the struggle for existence may 
produce trees and plants of enormous height, 
but succeeds only in dwarfing the human 
frame. So the pygmies have become very 
well fitted by nature for darting nimbly 
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neck, ana its legs ana iimaquarters are won nttea oy nature lor aarting nimoiy 
protectively barred with black and white, through the dense undergrowth and climbing 
so as to render it almost indistinguishable aloft amid the intersecting branches and 
among the tangled vegetation of the dark tangled lianas, for grasping which they iise 
forest, where nothing can be discerned clearly both fingers and toes. They arc mighty 
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some heads of white flowers growing on an Island In the Gulf of Guinea 

at a greater distance than twenty yards. 

The whole of the basin of the Congo is to-day 
inhabited chiefly by various negro tribes 
of Bantu stock, but the depths of the groat 
forest still form the last stronghold of the 
pygmy races, who are believed to have peopled 
at one time the whole of Central Africa. 

The tiny stature of these diminutive men and 
women is the legacy of many thousands of 
years passed in the close confinement of the 




hunters, too, overwhelming 
even the buffalo and the 
lordly elophantwith 
showers of their tiny arrows, 
which aro tipped with a 
deadly poison made from 
decaying ants — for the 
pygmies are acknowledged 
masters of all that relates to 
poisons and their antidotes. 
In their diet, they are 
among the most unsquoam- 
ish of mortals, and though 
relishing fruit, honey, mush- 
rooms and the fiosh of birds 
and beasts, they will just as 
readily oat calorpillars, grubs 
and white ants. 

Life in the forest, whore 
the prevailing law is “kill or 
he killed,” has sharpened 
the wits of those little 
people, who on the whole 
rank higher in intelligence, 
for all their stunted growth, 
than the negroes of the 
open bush, j^gmies have 
on Bovoral ocoasious been 
taken sightseoing to Europe, 
and have shovm a lively 
interest in all the strange 
things they have seen. A 
number of them wore 
brought to England from the 
forest of the Ituri Hiver, an 
easterly tributary of the 
Congo, in 1906, and aroused 
universal wonderment. Of 
those pygmies the smallest 
• i, • i. wasbarelymorethanSJfeet 

m height, though the average stature of 
African pygmies as a whole is more than 
4 feet; they can easily walk erect under the 
outstretched arm of a man of or dinar v 
height. ^ 

But tho jungle has other and more sinister 
inhabitants than tho ontortaining pygmies. 
Many of the tribes of tho Congo have been 
cannibals since time immemorial, and it is 
only the dread of the white man’s law that 
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holds their ghastly appetite in reasonable 
check. In the jungle fastnesses, whore there 
is no higher authority than man’s own 
passions, savage tribal feuds are carried on 
and grim magical rites, trials by ordeal, and 
human sacrifices of indescribable horror have 
a regular — though perhaps surreptitious — 
part in everyday life. In the Congo jungle 
fear has over reigned triumphant — ^fear of 
the native’s tribal foes, of his neighbom;, of 
famine and wild beasts, of the Arab slaver, 
of the spells o^the medicine man, of sleeping 
sickness. And yet the time may not be very 
remote when even this darkest corner of the 
Dark Continent is brought within the pale of 
civilization. Already highways have been 
opened through the jungle, railways are 
increasing gradually mile by mile, while one 
of the most daring air-routes in the w'hole of 
Africa — between Leopoldville, on the Lower 
Congo, and Stanleyville, above the Stanley 
Falls, a distance of over 1,000 miles — 
traverses an enormous stretch of the primeval 
Congo forest. One is tempted to wonder 
what would have been the thoughts of those 
who did the pioneer work in the unlocking 
of this part of Central Africa — ^Livingstone, 
H. M. Stanley, George Grenfell, to name 
some of the most prominent — concerning 
this latest stage of the great adventure. 

TeaM Forests of the Indies 

A study of the occasions on which plants 
have brought about major changes in the 
fato of nations would be illuminating. The 
high price of pepper in the Middle Ages, for 
example, was one of the prime causes that 
induced the Portuguese to seek a maritime 
route to India round the Cape; while the 
cultivation of the cotton plant by negro 
slaves in America led to the fratricidal war 
between North and South. Similarly, it was 
in great part owing to the valuable reserves 
of teak in the forests of Burma that this vast 
territory was annexed to the British Crown 
after the conclusion of the third Burmese 
War of 1885. Iron ships were rapidly re- 
placing those built of wood, and it was found 
that whenever iron was combined with the 
traditional oak, as in the plating of men-of- 
war of the period, .the metal was rapidly 
corroded by the acid contained in the oak; 
while when teak was used instead of oak, its 
essential oil had, on the contrary, a pre- 
servative effect upon the iron. So, though 
sturdy oak has had to relinquish the proud 
place on the sea which it held for so many 
centuries, teak is still in great demand in 
shipbuilding, being used for rails, doors, 


deck-planking, and almost everywhere, in 
fact, where metal is not essential. Teak is 
tough, elastic and not much heavier than oak, 
and when used for ornamental effect it takes 
a beautiful natural polish of a golden-brown 
hue. When properly seasoned, it does not 
readily wnrp or split, and the fresh-cut wood 
can be worked with ease, though after being 
seasoned for a fair length of time it becomes 
intensely hard. 

An Indispensable Timber 

But the foremost virtue of teak is its great 
durability; it rises superior to all changes of 
temperature and climate, decay, the passage 
of time, and the assaults of white ants, which, 
sooner or later, manage to devour almost 
every kind of timber. In India, original 
beams of teak, still sound and strong, have 
been found in buildings known to be well over 
1,000 years old, and an antiquity of more 
than twice this span lias been estimated for 
pieces of teak found in cave temples of 
western India. Throughout the East teak 
is indisiiensable; it is used for making houses, 
bridges, furniture and railway carriages, 
while its pow'er of withstanding immersion 
for prolonged periods renders it eminently 
suitable for boats, piles and all other kinds 
of under-water work. Even the leaves of 
the tree are of service; of enormous length — 
one, two or even three feet — and very tough, 
they are used by the natives as plates or for 
thatching the roofs of their houses, while a 
red dye can also be extracted from them. 

Let us visit this valuable tree in its native 
forests, of which the largest, by far and away, 
are to be found in Burma. The iirincipal 
reserves lie in the basins of the Irrawaddy and 
the Salween, and in the coastal provinces of 
Pegu and Tenasserim, while the Shan States 
and western Siam also contribute a large 
sliare. In all these districts there are forests 
of enormous extent, which during the rainy 
season stand out from a great distance as a 
billowy white mass, for at this time the 
clusters of small, snowy flowers break into 
bloom above the green leaves. Teak trees, 
however, do not grow alone over a large 
area, as do the conifers of northern lands, 
but mingle their tall, straight stems with 
those of other trees of many different lands 
— india-rubber trees, padauk, the immensely 
hard ironwood, outoh, which yields an 
important dye, and countless others; while 
dense clumps of bamboo raise their feathered 
spikes in between the trunks of their larger 
brethren. 

Teak is not an evergreen, and during the 
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dry season its branches, together with those 
of many of its companion trees, are bare of 
leaves, which gives the foiest a dead and 
dreary appeal ance. This is the season of 
danger, when forest fires arc prevalent, wliich, 
sweeping irresistibly through the tinder-dry 
undergrowth, destroy many thousands of 
young trees, or at the boat retard their 
giowth and spoil their timber with craclta 
and blemishes. 

The Burma forests are of the usual tropical 
density. Creepers, many of thorn covered 
with brilliant flowers, hang in a tangle from 
the trees, and orchids, ferns, mosses and 
epiphytes grow in great luxuriance, often 
forming a scone of wonderful beauty, such as 
is typical of the jungles of Asia. The scent 
of floweimg trees and bushes hangs heavily 
on the air, while exquisite butterflies and no 
less exquisite birds — ^iucluding gorgeous pea- 
cocks and pheasants of extraordinary beauty 
— make a veritable paradise of tho ]ungle 
glades. Tho typical animals of India roam 
through these mighty forests — ^the elephant, 
hiifEalo, bison, ihmoceros, sun-boar, wild 
hog, tapir, deer of many kinds; velvet-footed 
tigers and leopards slink along the jungle 


paths, packs of liidcous wild dogs silently 
and remorselessly hnnt down their quarry, 
while tho python, cobra and deadly hama- 
dryad lie in wait to seize the unwary. 

In former days the natives of Burma used 
their magnificent teak foiests — ^tlie finest in 
the whole of Asia — in a very wasteful and 
destructive manner. Bo.sides cutting the 
timber on a largo scale for charcoal-burning, 
they had long been in tho habit of burning 
whole traols of virgin forest to tho ground 
to provide room for their crops; and after 
a few years, when tho soil was exhausted, a 
fresh stand of limber would siifler tho same 
fate. In however, tho Indian Govern- 
ment took tho matter in hand, and began to 
reserve large areas of torost-land, carefully 
regulating tho cutting of timber and establish- 
ing plantations so as to maintain tho supply. 
At tho present day there are nearly 30,000 
square miles of reserved forest-land in Burma, 
mainly supplying teak, wliieh ranks as tho 
second most important product of the 
province. The reserves are leased to timber 
companies, who foil flio trees under govern- 
ment supervision, the annual out-turn of 
teak usually being considerably moro than 
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Courtesy of the Aushahan Kut%onal Travel Auoctaiton 
The forest-lands of Australia are principally noted for their fine timber* but on the northern coasts of the continent is 
to be found snb-troplcal jungle 'which rivals Africa in the luxuriance of its vegetation 


a quarter of a million tons. Before felling, 
the trees are hilled by being girdled at the 
base, and they are then left standing for two 
or three years to season. The felled logs 
are then floated downstream, one by one, 
over the numerous rapids. On the Salween, 
which is the greatest timber thoroughfare in 
Burma, the logs are caught by a cable 
stretched across the river, seventy miles 
above Moulmein, where they are gathered 
into rafts before proceeding to this great 
timber port. The haulage of the heavy logs 
is done mahily by trained elephants, and in 
the gi’eat timber-yards of Rangoon and 
Moulmoin it is instructive to see with what 
skill and precision they go about the work, 
two to a log, grasping the heavy baulks 
between their trunlis and tusks and stacking 
them neatly in piles, at a few words of 
command from their drivers. 

Jarrah and Karri Forests 

The rank, steaming jungles of Asia, Africa 
and tropical America have scarcely a parallel 
in Australia (except, perhaps, in the sub- 
tropical vegetation of the north and eastern 


coast), but the southern continent has a vast 
forest-land and bush of its own that are quite 
distinctive The jnevailing aspect of the 
Australian bush is not attractive; mile after 
mile, with scarcely a break, the parched earth 
is covered with a sombre and dusty scrub of 
dwaif eucalyptus, or with monotonous 
acacias, or slender “grass trees,” or dreary 
heath, while acres of burnt grassland and 
the blackened stumps of trees do little to 
raise the spirits of the traveller. But the 
scenery of the great gum forests is very 
different. These noble trees — ^which are the 
commonest forest trees in Australia, and 
number several hundreds of different species 
— grow to a portentous size, being frequently 
over 200 feet in height. Their leaves are 
large and leathery and have their edges 
turned towards the sun, a fact which makes 
the forests of Anstialia much less dark and 
shady than those of other lauds The gums 
are all classed as hardwoods, and they yield 
timber which is tough, durable and resilient 
under all conditions. Many species, more- 
over, yield the gum or resin known as 
“kino,” contaiued in the bark, while from 



The Karri (Eucalyplur dJverjlcolor)— one of the Aastrallon gum trees— le highly valued tor the exceptional durability 
of its timber. It Is most prolific in the south-western districts of Western Austialla, where the lofty trunks stand In 

close ranks for mile upon mile 




Scandinavian Pine Forests 
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the loaves of others the familiar eucalyptus trunks that rise as straight and parallel-sided 
oil is distilled. Perhaps the moat valuable as cathedral pillars, there have intruded deep 
tree of all the gums is the jarrah, with the banks of feathery ferns, flowering acacias, 
karri making a good second. These timbers Australian honeysiiekle, creejung and tinining 
are alike hard., heavy and close-grained, but plants without number, 
their chief virtue resides in their intense Wallabies, large and small, leap about in 
resistance to damp, fire and the attacks of the patches of sunlight, bulky w'ombats 
white ants and boring sea-worms, so that wander at night on the hinges of the forest, 
they are especially in demand for foundations, graceful little phalangers sprmg adroitly 
submarine piles, railway sleepers, paving from bough to bough, . the curious little 
blocks, etc. A valuable tanning extract is striped ant-eater, with its handsome bushy 
derived from the bark of karri, and both these tail and its fifty-two teeth — a record among 
gums provide fine timber for furniture. quadrupeds — creams about in search of ants. 

Jarrah and karri both occur in the timber The forost echoes with the cries of birds — gay 
stands tliroughout Australia, but the state little parakeets, honey-eaters, quails and 



^ JPio/p Norman Courtesy of Noruigian Stale Eatlaays 

Sombre masses of fir-trees covering the moimtalo-slopes of the Rendal Valley In Eestem Norway. In this Scandinavian 
country alone there are over 17,000,000 acres of pine forests 


of Western Australia is pre-eminent as the pigeons, bringing a welcome change from 
home of these fine trees. Here there are the silence of the scorched and arid plains 
estimated to about 14,000 square miles of without. But the most insistent sound in 
jarrah, as well as an immense reserve of the forest has for long been the resonant 
karri; the most densely timbered area — and ring of the axe and the grating of an army of 
perhaps the most valuable forest region in saws, all busily engaged in turning hundreds 
the entire continent — ^being the south-west of giant gum trees into lumber, 
corner of Western Australia, enclosed roughly Wo have no need to go to the other end of 
by the railway line from Albany to Perth, the earth to enjoy the wonderful scenery that 
Here, solidly massed in dense stands on the only a primeval forest can afford. It is true 
mountain slopes and in the valleys, the gums there is very little timbered land left in 
attain their most impressive dimensions, England — ^though at one time, it is believed, 
commonly displaying a height of 300 feet, practically the whole of England was one 
with a girth of thii’ty feet or more; while vast, almost unbroken forest — ^but in the 
giant karris may measure no less than 160 Soandiaavian region, just across the North 
feet as far as the point from which the lowest Sea, some of the grandest forests in the world 
branches spring. Between these mighty are to be found. These ore chiefly composed 


“ Land of a Thousand Lakes ” 


Huge Forests of Canada 
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of coniferous trees, yielding soft-wood — by 
far the most valuable kind of timber, from 
an all-round point of view, since it yields 
wood-pulp, paper, cardboard, rayon and 
other commodities, as well as being used for 
constructional purposes. Among the conifers 
in the dark, brooding forests of Norway, 
3weden and Finland one tree is predominant 
— ^tho magnificent Scotch fir {Pinus sylws- 
Iris), which, as its botanical name signifies, is 
really to be classed as a pine. Next in 
importance comes the Norway spruce, which 
is a true fir, followed by birch, beech, oak, 
willow and others. 

In Norway alone there are over 1 7,000,000 
acres of forests, which extend more than 
3,000 feet up the snow-clad mountain slopes, 
and cover nearly a quarter of tho whole 
country. Dark belts of pines cover mile 
after mile in central Norway, inteiTuptod 
only by gleaming lakes and swift-flowing 
rivers; they nm down to meet the waves of 
the sea, clinging to the edges of the fjords, 
and northwards they project far beyond tho 
Arctic Cbrcle into the land of the Midnight 
Sun, only ceasing where the land booomos too 
bleak and barren to sustain them, and giving 
place to stunted willows and dwarf birches, 
drab lichens and reindeer moss. 

Sweden has no less than 66,000,000 acres 
of forests, chiefly pines, from which millions 
of tona of wood-pulp ore manufactured yearly 
— ^in fact, nearly a half of the wood-pulp 
supply of the world is produced by Sweden, 
where the timber industry has been brought 
to a high development. But of aU the 
European countries, except Russia, the 
wealthiest in timber is Finland where, it is 
estimated, there are more than 62,000,000 
acres of forests, supporting a huge industry 
in timber and timber products, which form 
the chief export trade of the country. No 
one who has visited the "Land of a Thousand 
Lakes” can forget the supreme beauty of 
the mighty pine forests, the countless clear 
lakes which they encirde, the green islands 
mirrored in the calm water, made gay in 
summer with flowers and the white trunks of 
the tremulous birch trees, and in winter 
shrouded heavily in snow. The fresh in- 
vigorating scent of the pines is everjnvhero, 
and the subdued roar of innumerable 
cataracts and rapids is perpetual. 

Animal Life in the Northern Pine Forests 

The great northern pine forests have a wild 
life that is distinctly their own. The bear, 
wolf and lynx still make their home here, 
though driven into fastnesses ever more and 


more remote by the cutting of tlio timber. 
The lordly dk and reindeer roam the lonely 
forests of the Arctic Circle, and the glutton, 
Arctic fox and lemming tu-e found on ihe 
wooded highlands. Hares are plentiful, and, 
like the foxes and weasels, they don a habit 
of white to match the winter snows. Game 
birds perch up high amid the thicker branches 
of the pines, secure from prowling eaglo.'i; 
while oven the darkest recesses of tho less 
remote woods echo with the songs of birds. 
But in the lonely forests of tho Far North 
wild life is less exuberant, and for the most 
part silence reigns; birds are few, and tho 
stealthy tread of a prowling lynx or fox 
scarcely suffices to rustle tho thick carpet of 
pine-needles that lies everywhere between 
the great dark trunks, though ocoasionally a 
flock of migrating crairos, flying high over 
the forest, utter their wild, trumpot-liko cry. 

In mid-summer, when the sun does not set 
for weeks in those northern latitudes, the un- 
ending day is made bright with flowers, wliilo 
myriad.s of viciously stinging mosquitoes 
— ^the scourge of the Arctic Circle — make 
merry iu tho sunlight. But in winter time 
night exacts a full recompense; for a period 
of weeks the sun docs not*riso above the 
horizon, and even at midday tho snow- 
draped spilcos of tho pines are barely seen 
against the drab sky, as through a perpetual 
twilight. 

Spacious Timber Lands of Canada 

It is fitting that our tour of tho fpmt 
forests and jungles of tho world should 
terminate in the spacious timber-lands of 
Canada, the largest and finest in tho whole 
of the British Empire. Nearly one-third of 
the entire Dominion — or about 1,163,000 
square miles — ^is covered with forests, and 
the lumber industry and those to which it 
gives rise, such as the manufacture of pulp 
and paper, rank only second to agriculture 
in the economic life of Canada. In 1932, the 
total stand of timber was estimated at the 
enormous figure of 266,844,000,000 cubic feet, 
of which more than four-fifths consists of 
coniferous, or soft-wood, trees. This huge 
reserve of timber is located chiefly in a groat 
belt, 300 to 400 miles in width, crossing the 
north of Canada from Labrador to Alaslca, 

The largest forests — sixty-four per cent, of 
the whole — ^are congregated in the eastern 
provinces, especially in Quebpo and Ontario, 
which have nearly half a million square miles 
of timbeir-land between them; however, 
British Columbia, in tho west, holds twenty- 
four per cent, of the Dominion’s forests, and 
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Fighting the Forest Fire 


can boast of having the largest and finest 
trees of all, especially the lordly Douglas fir, 
which not infrequently may rise to a height 
of well over 200 feet, with a perfectly straight 
and tapering trunk ten feet across at the base. 
The other principal trees of Canada are the 
spruce, white pine, hemlock and cedar, and 
of these the spruce (of which there are several 
kinds) is the most in demand 
for malcing pulp and paper, 
the leading manufactures of 
the Dominion. 

In the eastern provinces 
grows the red spruce; the 
Engellmann spruce and 
Sitka spruce are ehiefly 
found in British Columbia, 
whore the great Sitka spruce 
almost riv^B the Douglas fir 
in height; while practically 
throughout the whole of the 
timber bolt grow the black 
spruce and white spruce (the 
most important of all for 
pulp) — the former forming 
thick forests in moist and 
marshy districts, the latter, 
a smaller tree and the 
hardie.st of all, flourishmg 
even on the barren wilds far 
within the Arctic Circle, the 
home of the musk ox and 
caribou, where few other 
trees can gain a footing. 

With all their majestic 
beauty, the great Canadian 
spruce forests are wild and 
lonely in the extreme, so it is 
only natural that they should 
have become one of the last 
retreats of the larger animals 
of North America, which are 
gradually diminishing before 
the invasion of their heredi- 
tary domains by civilization. 

Tbo lordly moose still crash 
through the northern woods. 

The caribou ranges through the greater part 
of the forest belt, as also does the gaunt grey 
timber woLf. Black bears still malm their 
home in the most secluded depths of the 
forest, while in the wooded mountains of the 
west the terrible grizzly has to be taken into 
account by hunters and travellers. 

Alarmed by the steady depletion of stand- 
ing timber, the Canadian government has 
tahen timriy stops to ensure a perpetual 
supply by afforestation on a large scale and 
by strict regulation of the cutting. But more 


destructive even than the axe and saw are 
the disastrous forest fires which on an average 
consume about 230,000,000 cubic feet of 
timber in a year. In the old days little could 
be done to prevent these holocausts or to 
extinguish them when once started, but 
modern progress has given the Forestry 
Department many valuable aids. Elevated 


watch-towers are equipped with telephone 
and wireless to summon immediate assistance, 
while aeroplanes — and, in the lake regions, 
flying-boats — constantly patrol the timber 
lands, alert for the slightest cloud of smoke 
that might betoken an outbreak. There is 
also a large ground staff whose duty it is to 
keep open the treeless lanes between wooded 
areas, to extinguish fires, and last but not 
least, to teach the public, by means of 
lectures and demonstrations, how best they 
can safeguard their valuable heritage of forest. 



Conriesy of ihe Canadian Government 
Tall, straight tranks packed In close formation~~a typical view In the famous 
fir forests of British Columbia 
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The Walls of Troy 


CHAPTER XXIV 
THE WALL BUILDERS 


'T'HE ago of gi-cat wall building belongs to 
^ the i>a&t. When nion began to live 
together in settled coinmnniiies they found 
that their best defence against marauders 
was an enclosing hedge or fence. In Africa 
men still plant thorn hedges and erect 
wooden palisades round their huts. But 
thorn hedges and timber stockades could be 
set alight, and the wall made for protection 
often became a wall of death and destruction 
to the builders. So earth-banks came in 
time to take the place of old hedges and 
fences. Even as late as 50 B.c. an elaborate 
form of earth and timber enclosure was used 
by tlje Germanic tribes to protect their town- 
ships. Alternate layers of stones, earth and 
tree trunks presented a steep face to the 
assaulting forces. The top was flat and of a 
moderate width, for on this parapet the de- 
fenders could stand and cut down the 
invaders. It is m Asia Muior and Mesopo- 
tamia, however, that the most wonderful 
examples of fortified city walls have been 
found. 

The As.syrians in 2000 b.c. had long passed 
the stage of earth-hank fortifications and used 
stone and rock, bonded with mortar, to build 
their Avails. Even m those distant days of 
despotic power and nnliinited labour, tho 
expense of building a high solid Avail, Avidc 
enough at the top for defenders to move 
about on it freely when fighting, woidd be 
enormous. So the plan was .introduced of 
building two stone walla with a filling of earth 
or rubble between them. The outer wall was 
built higher than the inner, as a protection 
from stones, arrows and spears. Towers at 
intervals were added later, and provided 
refuge for the defenders if the outer wall was 
successfully scaled, 

Nineveh, the capital of Assyria in 2000 
B.O., was encircled by such a great wall fifty 
miles long. It not only enclosed the palaces, 
temples, merchant-quarters and town- 
W'orkers’ dwellings but provided sufficient 
space to shelter the whole population of 
the suiTounding countryside. Floclcs, herds, 
household goods — ^in fact everything except 
the field mmy — ^w'ero protected by the jnighty 
Avail, which rose to the amazing height of 
120 feet. Its Avidth at the top was thirty 
feet, forming a road as Avide os many modern 
thoroughfares; and 1,500 towers at regular 
distances strengthened the fortification. 


The Hiad, an epic poem of tho Greek 
Homer, tells of the ten-year siege of the 
Availed city of Troy in Asia Minor, probably 
in tho 13th century b.o. Behind their im- 
penetrahlo oity-Avalls tho Trojans stubbornly 
held out. Virgil in Iiis .^nid carries on the 
story and tolls hoAV tho Greeks, resorting to a 
trick, pretended to Avithdraw their forces but 
left a great Avoodon horse filled with soldiers 
on tho plain outside. Tho Trojans after a 
long discus.sioii decided to knock doAvn part 
of their wall to get tho great creature into 
the town ; but at night the hidden men crept 
out to open the city gates, and Troy Avas 
taken. Excavations in 1803 exposed part of 
this massive wall of carefully squared blocks 
of slono. 

Jerusalem, too, is a city fnmous for its 
Avails. Ill tho I3th century u.o., tho Israelites 
invaded the country now knoAvn as Pale.stine. 
The Bible story of tho fall of Jericho sIioavh 
how greatly tho inhabitants relied on city 
walls for their ijrotootion. 'Jerusalem Avas 
encircled by a stout wall strengthenod by 
towers when it fell into tho hands of tho 
Israelitos. King Solomon later built, and in 
part rebuilt, another Avail about tho city. 
When the Israelites Avoro subdued by Assyria, 
about 660 B.o., Hozelciah imju’ovod tho wall 
and its defences. But so great Avas the 
destruction of tho city in 586 b.o., on its 
capture by Nebucliadrezzar, tliat it was not 
until 140 years later that the broken Avails 
were rebuilt, this time by Nehomiah, Then 
came Greeks, Romans, Saracens and 
Crusaders and finally Turks, somo tearing 
doAvn, others patiently rebuilding tho Avails 
of the holy city of Christendom. The present 
wall was built in 1517, by Selim I of Turkey. 

s 3^he Long 'Walls of Athens 

There Avas another great period* of wall- 
building during the rise of the city-states of 
ancient Greece. Each city was indopendont, 
controlling as colonies the lands lying outside 
the city walls. Athens, the greatest of these 
walled states, was a city of note, even in 
tho Bronze Age, Around tho Acropolis, a 
hill naturally suited for the building of a 
strong citadel, a strong wall of largo, rough, 
unbonded stones was erected. 

In the .6th century B.o. Athens was 
devastated by tlie invading Persian army. 
Walls and city buildings were left in utter 
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The Servian Wall 


ruin, hut forlunatoly the rulers rose to tho 
occasion. New city walls, about five miles 
long, were built under the direction of 
Themistocles and embraced a larger area 
than the previous wall-circuit. New dis- 
tricts wore enclosed and numerous towers 
strengthened the fortification. 

Themistocles planned, 
too, a “Long Wall” run- 
ning from Athens to her 
port of Piraeus. Actually, 
three walls were buUt about 
460 n.o. The north and 
middle walls are some 
four miles long and run 
almost parallel about 550 
feet apart, quite near the 
present rood from Athens 
to Piraeus. The third 
or Phalerio wall had a 
separate course much 
fai'ther to the south, but 
proved difficult to defend 
and was abandoned some 
fifty years later, at the 
close of the Pelopormesian 
War. About this time also, 
tho otlier two long walls 
wore partially destroyed 
and later fell into decay. 

The city walls of Athens 
itself suffered severely 
during this long struggle, 
but were restored and 
reconstructed some sixty 
years later. When the 
Bomans ruled m Athens 
those walls suffered anothcsr 
change. Hadrian then en- 
larged the wall-citcuit to 
the east, enclosing what is 
now the Boyal Gardens 
and Constitution Square. 

The new area was called 
Hadrianopolis or New 
Athens. It was a hand- 
some suburb with viUas, 
baths and gardens and its 
walls were strengthened 
with rectangular towers. 

But the greatness of Athens 
had departed and the city 
passed successively into the hands of 
Byzantines, Italians and Turks. Defensive 
walls were of little avail against the new 
engines of war, although in 1778 the Turks 
built a new wall around the city, despoiling 
many ancient monuments for the building 
material that tliese provided. 


It was not until t he 6th century b o. that 
the Bomans built a stone wall around their 
city. This. Servian Wall, as it was called, 
from its builder Servius Tullius, was six miles 
long and enclosed an area sufficient to house 
200,000 inhabitants. Not all the land en- 
closed was developed at the time, for mth the 


usual Boman eye to military strei^th, the 
wafi ran along the natural escarpments. The 
building was done by the forced labour of the 
catizens, aided no doubt by that of serfs. 

Two centuries later, after a great fire, the 
wall was rebuilt and strengthened; it was 
improved also at various later dates. A 



E,NA. 

It was the custom of the Romans to build defensive walls round important towns 
captured durlngi mlUtary campaigns, and remains of these are to be found 
In many places. At Tarragona, on the Mediterranean coast of Spain, the great 
Roman walls Were erected on a foundation wall of enormous unhewn blodES of 
a still earlier period. On the Inside of the walls, Xbcrlan masons — ^probably 
working under the direction of the Sciplos — left their marks which are stul visible 
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Roman Walls in Spain 




. ^ 

■ 

'-v. ^,v 







%. 'rA 

■ viv 

.... 

- v 








Courtesy of Joseph Barber & Co. 

A loophole In Iiondon Wall vi^hlcfi can be seen to-dav. it is in a wall 

of Homan London (,top), some idea nuw^e dalnod of the mefinltS^e of*tbe 
ortgumi wall 


small gate is still to be seen 
in&ido the Palazzo Antonielli, 
and other portions have boon 
uticovorod during the courso of 
excavations. On tho Hatter 
land to tho south, tho wall 
was particularly vulnerable to 
attack. Excavation has shown 
that the wall horo was about 
ton foot thick and more than 
thirty feet high, whilst a moat 
thirty foot deep and 100 feet 
wide had been dug in front of it. 

Around the principal cities 
of the many countries they 
conquered, the Roinans erected 
protecting walls. Lugo, in 
Spain, has the best preserved 
Roman walls of their kind — 
thirty to forty feet high, Avith 
eighty - five semi - cylindrical 
bastions. Since the walla are 
over twenty feet thick there 
was room and to spare for two 
chaiiots to be driven abreast 
on the top. 

To-day Greater London, tho 
largest city in the world, 
spreads unprotected into seven 
English counties. In early 
days, possibly 4,000 years 
ago, the inhabitants of the 
Settlement by the marshy 
Thames built earthworks and 
woodon stockades to protect 
themselves both from wander- 
ing tribes and from the flood- 
waters. They occupied their 
stronghold for 2,000 years. 
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Wall that Kept Out Canute 
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Then came the Celts 
from Gaul, and occupied 
the “Stronghold in the 
Waters,” for that was 
the meaning of the 
Celtic name they gave to 
the settlement — London. 
But although the Celts 
traded in tin and bronze, 
and London became an 
important centre of this 
commerce, no attempt 
to build sturdier walls 
was made until after 
the Eomans conquered 
Britain. The need for a 
strong defensive wall was 
made clear to the con- 
querors m the year A.n. 
fil. The British warrior 
queen Boadicea, on the 
withdrawal of the Roman 
troops by Suetonius, 
gathered together ai 
army and sucqegsfu 
atta^ed the 
ingyand 
■ lit. 


feha^ 

thaB^ans com: 
to Wttuild and 
the An 

was made to 
“Augusta,” 

Undish 

wjcepted ny the Britons, 
who persisted in call- 
ing the city London, or 
Londinium, the Latinized 
form. An encircling wall of stone w'as built, 
with a ditch beyond. At the base the wall 
was eight feet thick, behig strengthened by a 
footing of sandstone on the outward side. 
Like the walls of Nineveh and Rome, it had 
two well-made outer walls, the core being 
filled with well-mortared rubble. The facing 
was made of Kentish ragstone, the nearest 
available stone of any strength, and bonding 
tiles were placed at regular intervals. Massive 
fragments of the wall yet remain, and all 
show the same masonry structure, indicating 
that it was built as a single undertaking. 
The area enclosed within ihe wall was 324 
acres, and the structure was the most 
ambitions of any built by the Romans in 
Britain. It compared in magnitude with 


CowUsy of the Tover HtU Im^roiement Council 


In Trinity Place, adjacent to Tower Hill, a fine portion of IfOndon Wall still stands 
though there is nothing to indicate its historical Interest to the visitor. The 
Tower Hill Improvemrat Council are excavating in the Immediate neighbour- 
hood in the hope of revealing further traces of the wall 

any such defensive wall in the Roman 
Rmpire itself. 

Although some of the wall fragments are 
hidden imder buildings or built into ware- 
houses, yet the course of the wall round the 
city of London is fairly easy to trace. The 
names of some of its gates — ^Newgate, 
Aldgate, Aldersgate, Bishopsgate, Moorgate, 
Cripplegate and Ludgato — stiU survive as 
street names. BiUiagsgate was the site of a 
gate leading to the river. Even as late as the 
18th century, everyone had to pass through 
one of these gates in order to enter the city. 

When the Danish invasions began in A.n. 
880, King Alfred made London his base ; he 
repaired the walls and built a number of new 
gates. During the next hundred years 
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Walls as Empire Boundaries 


London "withstood half a dozen siegos. The 
longest of these was the last, "when the city 
shut its gates against the nowdy-cleoted king 
Canute, "who then attempted to take the 
rebel city. But his ships were suidt and his 
army scattered. Only when Ldmund^ Iron- 
side, their chosen king, died in 1016, did the 
Londoners reluctantly acknowledge Canute. 

The largest portion of the Roman wall still 
in position is enclosed in the structure of a 
huge warehouse. It is about 120 feet long, 
eight feet thick and thirty-fivo feet in height. 


from the Uttle-known north and were a 
constant menace to the de'velopmcnt of new 
towns and the progress of Roman civilization. 

Agricola set himself the task of making 
peace more attractive to the Britons than 
war. He encouraged them to build temples, 
houses and market places, whilst he and his 
Roman legionaries took over the military 
defencos of the country. Excellent forts 
were built at strategic points ; in particular a 
series of forts across the narrowest part of 
Roman Britain "were erected in a.d. 79. 



Near Sewlogshlelds, Hadrian's Wall crowns the brink of a natural precipice— the Greet Whin 5111 of Northern England. 
Here the wall Is from 6-6 ft. high and the drop to the moors below aometimee as much aa 200 ft. Thla photograph was 
taken looking east towards Crag Lough ond Hot Bank 


The battlements are still in place and the 
footway where the sentries used to walk is 
intact. Making due allowance for sinking, 
it is probable that the original height was 
greater than thirty-five feet. Moat Roman 
ruins in London are now found at a depth 
of twelve to twenty-five feet below present 
smface levels, so that London Wall may well 
have been over fifty feet high. 

Erom the first Roman invasion under 
Julius CcBsar, in 55 B.c., to a.d. 78, when 
Agricola was appointed governor, the rule of 
Rome in Britain had not been a peaceful one. 
Tribes were constantly rebellmg and turbu- 
lent invaders, the Piets and Scots, sallied 


These latter, extending from OarHslo to a spot 
near the present to"wn of Newcastle, were 
built to protect the southern country from 
the constant raids of the Piets and Scots. 
A road, afterwards known as the Stanegate, 
connected them. Agricola penetrated yet 
farther north in a.d. 81 and, to keep the 
constantly-attacking enemy at bay, built 
another outlying chain of forts from the 
Forth to the Clyde. 

When the emperor Hadrian came to 
Britain, in a.d. 121, ho ordered a more com- 
plete chain of defences to be built, and 
planned a great stone wall stretching from 
coast to coast, north of the Stan^ate and the 
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Caurlesy of ’ The Listener" 


A mighty defensive wort built by the Roman conquerors of Britain— Badrlan’s Wall which stretches for 73 from 
NewcasUe-upon-Tyne to Solway Firth. Some of this wonderful structure is In a good state of preservation, as may be seen 
from this section of It near Housesteads — the Roman Borcovlctum 


Hadrian’s Wall 
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forts built by Agrioola. To mark tlie boun- 
dary of Roman territory Hadrian ordered an 
earthwork and a flat-bottomed ditch or 
“vallum” to be made south of tho defence 
wall. And, as additional strength, a ditch 
ten to fifteen feet deep and thirty-five to 
forty feet wide was dug on the northern side. 
It was a stupendous fa.sk and Hadrian did 
not remain in Britain long enough to sec it 
finished. The ten-feet vallum and extra 
forts were built first, but even these were not 
impregnable, and the great continuous stone 
wall was the final effort of Roman military 
strategy. 

Hadrian’s Wall was originally eighteen to 
twenty feet high if one includes the battle- 
ments, and it was at least twelve feet to the 
rampart walk. But it is its breadth which 
has given it the solidity to weather the 
centuries. The foundation is nine feet six 
inches wide, and the width of the wall at the 
top varies from six to eight feet. 

The wall was built in sections, each under 
the command of a centurion. Just as eom- 
memorativo tablets and foundation stones 


arc set into modern buildings, so these 
centurions each built into his section a 
stone macrihed with his name and rank. 
This sectional method of building most 
likely accounts for the sudden differences in 
width of the wall in various places. Bum 
foundations of flat flagstones, laid on rock 
where possible, ensured a permanency to 
the great boundary defence. Wodgo-shaped 
sandstone blocks form the flanlshig walls, tho 
l)oint of the wedge being pushed into tho 
rubble and mortar coro in order to hind 
tho whole firmly together. 

The wall was built to climb the lino of 
h^hor country whence the sontiios had a 
better view of an approaching enemy. Tho 
highest hill it tops is Winshiolds, 1,230 foot. 
Between Walwick and Sowingshielcls, whoso 
names betray their origin (“wall- wick" and 
“sheals” or cottages by the “sough” or 
ditch), the wall runs along the edge of a 
precipice, the steeii scarp of which con- 
fronted attackers from the north, farther 
west by Limestone Banlc, both tho vallum and 
wall-ditch wore cut tlmongh solid basalt. 



uie Tou^een xorca originauy ouiit along Hadrian '8 Wall, only tour can now ba seen In any detail* From tbe air, how- 
^er, the ^spositlon of tbe various buildings and the sorroundlng ditch stand out with Sreat clarity, as this vortical photo- 
graph of Cllumnm (now Obeators) well shows. Immediately above the outlines of the fort Is the bath-house, the remains 

Of wiilcli are lUustratod on the opposite page 
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Tbe fort of Gllurnum on Hadrian's Wall has been skilfully excavated and It Is possible to distinguish the praetoiiunii 
walls and gateways in the thresholds of which grooves made by chariot wheels are discernible. Here is the bath»honse 
which stands between the fort and the rlveri as can be seen from tiie air photograph opposite 

The Roman soldiers who were the oonatruo- Boroovicium, now Housesteads; Aesica, now 
tors had to be quaixymen as well. In Great Chesters; and Amhoglanna, now 
Pallowfield Pell there is stiU a series of Roman Birdoswald. The area enclosed by each 
quarries which supplied material for the wall, fort varies, some being four or five acres in 
One soldier-quarryman has immortalized extent and others but half that size. AU are 
himself by carving his name, "Petra Plavi parallelograms in plan, with rounded corners, 
Oarantini,” on the rock. enclosed by a five-feet-thick wall and sur- 

Where Dere Street, the great Roman road rounded by a ditch. Bach had four gates, 
from London, met the wall, a gate known as opening to the north, south, east and west, 
the Portgate was built to allow soldiers, The stone thresholds of the gateways at 
supplies and chariots to reach the more Gilumum and Boroovicium are groov^ by 
distant and irregularly garrisoned forts lying the constant passage of chariot wheels, the 
between the Forth and Clyde. One of the width being exactly that of the ruts found in 
most remarkable features of the work was the streets of Pompeii. The greatest care 
the Roman bridge that continued the barrier seems to have been bestowed on the granaries 
over the North Tyne, There are traces of of these forts. The floors were supported on 
two bridges, the later of which was wide dwarf stone pillars to allow circulation of air 
enough to carry the military way afterwards and prevent damp, while the whole was 
called the Stanegato. strongly roofed with sandstone slabs. Borco- 

Hadrian’s Wall stretches for seventy-three vicium was often destroyed by the enemy and 
miles, from Wallseiid, outside Newcastle, to shows signs of having been rebuilt several 
Bowness on Solway Firth. Fourteen forts times during the 400 years of Roman oooupa- 
vvere built into the wall, but the remains lion. There are at least four floor levels, each 
of four only of these can be satisfactorily of the later erections having been built on 
studied to-day: Cilurnum, now Chesters; the debris of an earlier one. 
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Wall of Antoninus Pius 
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OriatnaUyt therfi was a lar^e aumber of watch-towers 
and gateways along the Great Wall of China, the majority 
of wEich have now fallen Into decay. This ruined tower 
and section of stepped wall is at Llng-Kao, while above Is 
a well-preserved gateway 


Such names as Bloody Gap and Thorny 
Doors boar witness to the fierce assaults made 
against the defenders of the wall. The 
present inhabitants still regard the wall as an 
important boundary. All farms and villages 
to the north of the wall arc spoken of as being 
“out-by,” while those sheltered by it on the 
south are “in-hy.” Besides the irregularly 
spaced forts there arc many “milo-eastlea” 
and sentry turrets at more regular intervals. 
Three other forts, loo, lie close to the south 
of the wall. Since Aulus Platorius Nepos, 
Hadrian’s commander-in-chief who carried out 
most of the actual construction, did not incor- 
porate them in the wall they are presumed 
to belong to Agricola’s earlier chain of forts. 

The lives of soldiers guarding this lonely 
outpost of tho Roman Empire were made 
more agreeable by the fact that their wives 
and families also lived in tho forts. Many 
bronze, silver and enamel trinkets have boon 
unearthed nearby. Local tradition has it 
that it was the Romans who first brought to 
these northern hills tho tiny, onion-like ohivo. 
Patches of them, like fine grey-green grass, 
are often to bo seen growing on flat rooks 
there. Excellent bath-houses wore built 
near each fort, the best preserved being that 
at CSlurnum or Chesters. 

Severus Repairs the Wall 

Some 80 to 90 years after tho hxiilding of 
Hadrian’s Wall the whole extent was badly 
in need of repair, omng to tho many raids of 
the Piets. Wall, forts and turrets uirderwent 
a thorough reconstruction under tho emperor 
Severus. The repair work was so well done 
that it is only with difficulty that tho newer 
construction can be distinguished from tho 
older. And so for another 200 years, until 
their recall to Romo in the fifth century, the 
walls were occupied by the Roman legionaries , 

Eor a time during the period of occupation 
the work of guarding the border must havo 
been very difficult. In a.d. 142 the emperor 
Antoninus Pius, through his gonoral and 
governor Lollius Urbious, found the incessant 
successful. raids from the north too frequent 
to permit of the peaceful development of the 
south. He took the oflbnsivo and advanced 
from the Tyne and Solway frontier to tho 
narrower thirty-mile isthmus between the 
Eorth and Clyde. Here was the series of 
forts that had been built by Agricola in 
A.D . 82. Antoninus determined to strengthen 
the new border and built a rampart, stretch- 
ing from coast to coast, which was protootod' 
by a ditch to the north facing the enemy’s 
territory. 
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The rampart was made of turves and in 
some of its eastern section was merely a bank 
of clay. The nineteen forts it connects vary 
in size and strength. Some enclose only one 
acre of ground, whilst the area of others is 
almost seven acres. The fort-ramparts also 
were not uniform. Balnniidy and Castlecary 
were walled with stone; whereas the ramparts 
of Old Kilpatrick, Bar HiU, and Rough Castle 
wore of sods, and those of Mumrills of day. 
Rough Castle is by far the sturdiest. Its 
ramparts and ravelins and series of defensive 
pits suggest that it was an Agricolan fort. 
The pits were plainly intended to break the 
enemy’s charge and seem to have been 
provided with stakes to impale the invaders. 

Names in Dumbartonshire and the othCT 
counties traversed by the waU still hold the 
memory of the Roman occupation. ICirkin- 
tilloch grew up on either aide of the great 
rampart, and the Gaelic meaning of its name 
is "the fort at the end! of the ridge." 

Sixteen years after the construction of the 
rampait a revolt broke out in the north of 
England. Quelled at hrst, it broke out again 
m the country between the tAvo walls. Not 
until the year 208, when Severua in person 
came to conduct a punitive expedition 
against the Piets of Caledonia, was peace 
made. Although the Piets retired to their 
fastnesses, Severus found it more politic to 
abandon the Antonine Wall, and he therefore 
fixed Hadrian’s Wall as the northern limit 
of Roman power in Western Emope. 

Great Wall of China 

China is a country of walls. The greatest 
one was built by the emperor Shi Hwang-ti. 
It had been standing some tlrree centuries when 
Hadriaai laid liis plans to protect the British 
border, and to-day, despite its much greater 
length, it shows far less of the ravages of time. 
The poetic Chinese name of this barrier is the 
“Wafi of Ten Thousand Miles.” Its actual 
length is 1 ,SOO miles if we take into account the 
twists and turns that it makes as it follows 
the line of hills and valleys. Parts of the walls 
existed long before Shi Hwang-ti in his pride 
determined to build the mighty rampart. 

The Chinese were ever on the watch for 
the coming of fierce tribes from the north. 
These — ^the Huns and the Mongols — ^lived 
in a bleak country visited by long, severe 
winters, and looked with covetous eyes upon 
the fertile, well-cuHivated lands of Chma. 
To secure their frontiers, the Chinese built 
chains of forts along them. Each state, in 
fact, had its own frontier forts and defensive 
walls, and it was only under the despotic 


rule of Shi Hwang-ti that the states were 
unified and the forts and frontier walls 
abandoned. 

In the year 215 B.o. the emperor dis- 
patched 300,000 men against the Huns who 
then Were rapidly subjugating the Chinese 
border tribes in the north. The land 
lying within the loop of the Yellow River 
(Hwang-Ho) was conquered and a connecting 
wall Was built along the fine of existing 
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A notable feature of the Great Wall of China Is the skilful 
manner In. which the builders selected the most advanta** 
)leou8 contours wiien carrying the wall over a JilU or tm a 
mountain-side* This Is clearfy seen in the almost perlwt 
sector here shown 

fortification on the northern frontier. This 
was the beginning of the Great Wall. Shi 
Hwang-ti appears to have been a man. who did 
everything on a grand scale. He planned to 
build a Wall with a length of “one-twentieth 
the cirouinference of the earth.” Perhaps it 
was his hope to leave an imperishable record 
in stone, and it is certainly frue that for ov^ 
2,000 years his memory has been-kept jWpK 
The Avail has doubtless been a useffl hjglBrark, 
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but it can scarcely have been worth the 
colossal expenditure of human life and labour 
that went to its making. 

It is said that tlie emperor pressed into 
service for building the wall one-third of 
the able-bodied men in his kingdom. Some 
700 miles of the structure were built in bis 
oun reign and the rest under subsequent 
emperors. The structural character of the 
wall is simple. Two outer walls, the lower 
part of atone and the upper of red briek, hold 
a central core of granite blocks topped with 
hard-packed earth. There is a brick, crenel- 
lated parapet and at about every hundred 
yards a fortified tower was constructed. 

The wall was twelve -to fifteen feet wide, 
and varied in height from eighteen to twenty- 
one feet. At tlie Nanlcow Pass, the best 
preserved sector, it is wider and higher than 
in others. Here it reaches thirty feet in 
height, and is twenty feet broad at the base. 
At Lan-chow-fu and Liang-chow-fu the 
Great Wall, following the mountain contours, 
rises to over 4,000 feet above sea-level. 

Work in the desert regions had its special 
difficulties, and here triple walls became 


necessary to withstand the encroaching sand. 
Yet for all its strength and vastnoss the gicat 
barrier did not prevent the coming of Genghis 
Khan, the Mongol chief from the north-west. 
The weakness of the wall, however, lay as 
much in the soldiers who defended it as in the 
inadequacy of the structure itself. Chinese 
poets lament the trail of war, “when dyke.s 
of the Great Wall brimmod svith blood” and 
the wounded died of cold. 

Such a gigantic work could never have 
been undertaken except by an absolute ruler 
with almost imlimited supplies of forced 
labour to command, and this is true of mo.st 
of the great edifices of ancient times, that 
consumed the labour of centuries in their 
accomplishment. The Great Wcall of China 
stands as a monument to the toiling multi- 
tudes who raised it, no less than to the vanity 
and pride of an ambitious emperor. 

Unlimited labom’ must have been at the 
command of those who built the massive 
walls in South America that formerly were 
attributed to the Incas. Of their origin little 
is loiown, and most of them are entirely un- 
like the later Inca structures. Walls of loiig- 
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At the Nanfcow Pass, the Great WaU of China le 30 ft. to height and 20 ft. broad at the base, and here also the battle- 
ments and watch-towers are In excellent condition. This Ane penoraxnlc view of the wall winding its serpentine way 
over the mountains eloquently suggests the Immensity of the task that faced Its builders 
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When the World was Young; 
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those of the Cycfopcan masons of the Old World, the secrets of the pre-Zhca wall-builders of South America would 
seem to be lost forever. Wo only know that they hauled and lifted enormous blocks ol stone with apparent ease and had 
brought the building of huge, indestructible rock barriers to a fine art. One of the great walls In the city of Guacoi Peru 


forgotten cities and the mighty ramparts of 
for&esses now fallen into ruin are found here 
and there over an extent of the country now 
comprising Ecuador, Peiu, Bolivia and Chile 
Some blocks of stone in l^ese massive walls 
weigh as much as 800 tons, and the problem 
of how they were put into place is a bafflmg 
one. The feat of these unknown masons 
is even more amazing when we consider 
that their tools ivero of copper, and that the 
massive blocks of stone wore held together 
without cement. 


The Incas came to Peru in the 12th century, 
making Cuzco their capital. But this, the 
oldest living city of the South American 
continent, tells in dear language of that 
earlier race of unknown builders For many 
great walls of the pre-Inca period are still 
standing. The Incas, too, were wall-builders, 
but generally they raised their walls upon 
the foundations of those built by their pro- 
decasBors. The Sjianish conquerors in turn 
built their own tawdry stucco houses upon 
the Inca structures. 


CHAPTEE XXV 

WHEN THE WORLD WAS YOUNG 

TN the last year of the I8th century a fisher- the melting snow and ice, and bearing soma 
^ man plying his craft near the mouth of resemblance to an animal form. When the 
the river Lena, in the dreary wastes of ice had melted sufEcicntly, the carcass of a 
noidihorn Siberia, was astonished by the sight ponderous, elephaut-like creature was dis- 
of a largo uncouth mass projecting above closed, bearing long, curling horns and dad 
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in a shaggy pelt of reddish wool, and with 
sightless eyes still glaruig from their sockets 
upon a world on which they had last gazed 
many, many thousands of years before. 
Later, when the fisherman had mastered the 
awe he had felt at this apparition, ho iin- 
ceremoniou.sly hacked off the creature’s tusks 
and carried them away, leaving their despoiled 
owner in the snow, to he gnawed from time to 
time by hungry wolves and dogs. 

By the year 1806, reports of this ancestral 
elephant — ^for such it was — ^liad reached the 
outside world, with the result that the 
mangled remains of the monster were freed 
from the iee and dirt and carefully conveyed 
to St. Petersburg, where they were exhibited 
in the museum as a priceless trophy. 

The Home of the Mammoth 

Though the number of mammoths with 
completely preserved tissues is not largo, their 
bones and tusks are scattered in inofusiou 
all over the northern coastline of Siberia, 
■while they also ocour abundantly in Europe 
and America — ^faota which argue a very 
wide distribution of these early elephants. 
Countless teeth of mammoths and many of 
their tusks have been dredged from the 
bottom of the North Sea, and numerous 
fossilized remams of these hairy monsters 
have been found in Great Britain, even 
beneath the streets of London. 

The mammoth resembled in a general 
way the modern Indian elephant, though its 
tusks -were much longer and more massive, 
displaying a strong upward and inward 
curl. Moreover, the mammoth, as we have 
seen, -wore a thick, sliaggy coat of wool, 
interspersed -with long hairs and coarse 
bristles; and in this connexion it is interest- 
ing to note that in the new-born young of 
both the African and Indian elephant this 
ancestral pelt is stiU perpetuated, although 
the hair is lost after a few weeks. 

There were other important ancestors of 
onr elephants that were much less like the 
modern speoies and approximated more to 
a primitive type than did the mammoths. 
There were the mastodons, of which there 
were many kinds. In the early mastodons 
we see the shadowy beginnings of the 
oharacterietio elephant form; the face, for 
instance, -was very long and pig-hire, while 
the chin was not only extended into a 
snout, hut bore a pair of short tusks project- 
ing straight forward and crossing the long 
upper tusks, between which lay the short 
trunk, or rather, elongated npi^er Up, for in 
that primitive creatnie it -was little more 


thn,n this. This early mastodon — ^Tetra- 
belodon, to give it its scientific name — ^liad 
evolved by slow changes from proboscidians 
moro and more remote, with which wc 
cannot concern ourselves boro; and from 
Tetrabelodon, by changes equally slow, wore 
to evolve the most completely developed 
mastodons of Europe and America. The 
tusks grew longer, the trunk became enor- 
mously enlarged, while tho lower jaw was 
shortened, so as to allow tho trunlc to hang 
do-wn vertically— and the mastodon began 
to resemble tho mammoth of the Russian 
museums and tho elophant of to-day, though 
it was larger, heavier aiul more powerful 
than either. 

How was it that those Siberian mmninotha 
wore, so to speak, cut off suddenly in their 
prime — ^woll nourished and uninjured, with 
food still in their mouths and stomaclis and 
with all their physical functions nuimi)airod ? 
It needs little effort of the imagination to 
reconstruct tho scone. The great m ammoths, 
it is thought, were browsing placidly on tho 
desolate tundras within the Arctic Circle, 
when they wore unfortunate enough to 
wander into a bog, where their struggles wesro 
ineffeotiral and their vast weight speedily 
dragged them to destruction. 

The last mammoths hold their own in 
northern Siberia until a period which has 
been estimated at about 15,000 years ago, 
and then they became extinct. However, 
15,000 years is but a second in geological 
time, and tho mammoths arc among the 
latest of all extinct creatures. Wo have 
introduced them far out of their proper order 
because they form what is perhaps the most 
complete and dramatic liulc hotwcon the 
world of to-day and that of tho remote 
past ; and now we propose to go hack to a vast 
antiquity, when the predominant forma of 
life were very different from those that now 
surround us. 

Earliest Forms of Life 

The earliest forms that life took upon our 
planet can only he guessed at, for the earliest 
reliable fossils with which we are acquainted 
— and they are of an inooncoivablo age — 
are those of creatures already highly 
developed (though humble enough in com- 
parison -with the higher animals that arrived 
later on the scene), thus hintmg at a very 
long life-history, so long, in fact, that, as 
one eminent authority has said, the creatures 
represented by these early (Cambrian) fossils 
seem to be “as far removed from what 
must have been the first forma of life, as 
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Life Millions of Years Ago 


the living forms of this remote period are 
distant from the creatures of to-day.” Tt is 
an accepted truism that life began in the 
sea, and these earliest fossils are all of sea 
creatures; animal life had not yet hivaded 
the land in that dim period in which the so- 
called Cambrian roclcs were being laid down 
grain by grain on the floor of the sea. 

Lot us try to imagine ourselves standing 
by the shore of the Cambrian sea as it beats 
monotonously upon the stones and rot-lu!. 


rare occasions when a volcanic cone blows 
off its summit, or when the groaning rocks 
are rent and split by an earthquake. Yet at 
our feet, as we stand by the seashore, there is 
a whole world of life. Though there are no 
fishes, or any creature of sufficient develop- 
ment to possess a backbone, there ore many 
creatures related to forms with which wo are 
familiar to-day. There are sponges, for 
example, and jellyfishes, starfishes, corals 
and marine worms. Shellfish are well re- 
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Reserved In ^ctlc ice for countless years Just as It sat down and died— the huge Siberian mammoth discovered near 
Che mouth ot the River Lena and now In the Zoological Museum at Leningrad, ^rely have these great beasts of pre- 

historic times been found in such a perfect state j 


Besides ours^ves there is not soother Jiving 
creature on the land ; eveir if we were to range 
ovei' the whole earth, we should not find even 
the smallest, humblest land animal: if we 
were to serutinize the rooks and the gritty, 
sandy eaxth through a microscope, wo 
should find nothing but rocks and eaith. 
There is no vegetation, no trees. Sowers, 
leaves or grasses, and the sun glares crudely 
down on the naked earth. And, but for the 
tossing of the sea, there is utter stillness and 
silence, such as would scon break down the 
nerves of any ordinary human being. In- 
land, the silence is appalling; it is broken 
only when the wind gathers force and howls 
mournfully over the nalked oarth, or on the 
IS — w 


presented, and there are also creatures 
related to our squids and cuttldlsh. 

Whether seaweed was known in the 
Cambrian seas is not clear, for the fossils 
that have been claimed as tho.se of seaweed 
may Just as well represent worm tracks or 
casts; hilt there was a plentiful “vegeta- 
tion” formed by the long, swaying stalks and 
feathery heads of the sea-lilies, car encrinites 
which, though most plant-lilce, were really 
not plants at all, but a sort of star-fish. 
Far different, however, is the case of the 
Cambrian creatures called trilobites, which 
have long been quite extinct all over the 
globe, but which swarmed in these emjy 
seas. They wore many-legged creatures 
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plated Avith horn, with bodies coinposed of 
numerous jomted rhigs and displaying in 
many cases a strong resemblance to oiu* wood- 
lice, with which they were at one time 
considered to be allied, though probably 
they are more nearly related to the spiders, 
scorpions and king-crabs. Some of these 
curious crustaceans wore quite diminutive, 
but others attained a length of nearly two 
feet. They wandered about over the bottom 
of the Cambrian sea, feeding upon worms; 
some of the trilobites were quite blind, but 
others had large and well-developed eyes. 

We shall now take leave of the world of 
Cambrian days, and take a rapid glance at the 
periods immediately succeeding, all of which 
were several millions of years in duration. 
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So we pass into the Ordovician period, in 
which the variety and abundance of life in 
the sea had increased enormously. Molluscs 
were very plentiful, especially those known as 
brachiopods, or “lamp-shells,” which are par- 
ticularly interesting, since they have modern 
descendants which have deviated but little 
from the ancient forms. The cephaJopods — 
the order including the squids and octopods — 
were also very active, and some of them 
were of huge proportions, with straight shells 
fifteen feet or so in length and a foot in 
diameter — veritable giants of the Ordovician 
.seas. Trilobites attained their greatest de- 
velopment in this period and swarmed 
everywhere, while very prominent, too, were 
the so- called graptolites, colonies of polyiis 
taking the form somewhat 
of a quill poii. There were 
many other lowly sea 
creatures, too numerous 
to mention, but most in- 
teresting of all, perhaps, 
are very ancient forms of 
the creatures called ostra- 
eoderms— small, uncouth 
ancestors of the fishes — 
which in this period begin 
to display iho earliest 
loiown rudiments of a 
backbone. 

In the Kilurian period, 
to which the Ordovician 
gave place after enduring 
for milhons of years, trilo- 
bites and graptoUtes still 
nourished, together with 
numerous shellfish, star- 
fish, corals, worms and 
many other forms of sea 
life. There were also the 
curious scorpion-like 
creatures called eurypter- 
ids, which were sometimes 
four or five feet in length. 
At about this time, too, 
Nature was beginning to 
make real fishes, the most 
highly organized of all 
creatures that had lived 
hitherto. These included 
the ancestors of the sharks 
and dogfish, which have 
soft, cartilaginous skele- 
tons in place of bone, and 
thus have left in the rooks 
only their teeth and the 
hard, tooth-liko processes 
which cover their skin ; the 
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As It probably appsared la life — Mastodon Amertcanus, wbicb was shorter of limb 
and more massively built than the true elephants 


armoured ostracoderms, 
the first creatures to show 
any hint of a backbone, 
were also characteristic of 
the Silurian seas, where 
they swam about among 
the gigantic trunks — up 
to two feet in diameter — 
of monstrous seaweeds. 

By now, plant life had 
definitely established itself 
on land, but for long ages 
it was to comprise o^y 
humble forms, such as 
ferns, mosses and algee. 

The next geological 
period was the Devonian, 
which has been called “the 
age of fishes,” for unmis- 
takable fishes were by 
now swimming in the sea, 
though they were very 
imlike our modern con- 
ception of a fish. Those 
known as ganoid fishes 
were clad, for instance, in 
hard, smooth, bony scales 
that interlocked with one 
another to form an im- 
penetrable armour. Their 
tail fins were divided 
usually into two unequal 
lobes, like that of the 
shark, a creatm-e wliich 
they further resembled in 
their boneless internal 
structure. In Africa, 

Australia and South 
America are found to-day 
the freshwater, so-called 
“mudfishes,” which are of 
great interest not only 
because they breathe by 
means of lungs as well as gills, but also as 
being the last survivors of a race of fishes 
allied to the ganoids. 

There was also a remarkable group of fishes 
in the Devonian seas that had the singular 
faculty of nodding their heads up and 
down, which no modern fish has the power to 
do. One species, at least, of these noddmg 
fishes was quite formidable, reaching about 
twenty feet in length and being armed with 
powerful jaws about two feet long, terminat- 
ing in a sharp beak. Skulls and jawbones 
of this creature, which is known as Dinioh- 
thys, are preserved in the Natural History 
Museum at South Kensington. In the 
Devonian rooks is also found the Pterichthys, 


a remarkable ostracoderm which has been 
described as resembhng a tortoise’s shell with 
a fish thrust into it, for the bulk of its body 
was composed of hard, bony plates like those 
of a turtle, which terminated in a flexible 
scaly “tail” eqmpped with fins. Ancestral 
forms of sharks became very numerous at 
this period, and there must have been many, 
many strange denizens of the sea whose 
appearance we shall never be able even to 
guess at, since their remains have become 
quite obliterated in the long march of time. 

The Devonian seas were rich in other forms 
of life besides fishes. Lamp-shells and their 
allies were extremely numerous and diverse, 
the ancestors of the cuttlefishes were 
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developing apace, and reef- building^ corals 
were creating land out of the sea, just as 
their descendants are still doing to-day. 
On the other hand, the trilobites began to 
degenerate and decline in numbers; while 
the graptolites, formerly so plentiful, died 
out entirely during Devonian times. 

The dry land at this time was no longer 
the lifeless, dreary ])lace which we saw in 
Cambrian days. It was plentifully covered 
with vegetation, often rank and dense, 
but of a most strange and seemingly 
weird type, such as we shall see carried 
to full development in the great coal 
forests of the next era. Ferns, mosses and 
gigantic horsetails, twenty feet or more in 
height, grew on the borders of the swamps, 
and there were also coniferous trees, related 
to the Araucarias, although plants producing 
flowers were entirely absent. 

The Devonian period persisted for some 
millions of years, and then passed im- 
perceptibly into Avhat is for many reasons 
one of the most interestmg of all the geological 
eras and certainly the one which has been of 
most service to manltind, for it was the ora 
at which a great part of the coal measures and 
oil deposits of the world were being laid 
down, upon which so many aspects of our 
modern civilization are dependent. Diming 
this, the Carboniferous iioiiod, life was 
becoming increasingly fuller and more varied, 
though all its diverse forms must still have 
been strange enough in comparison with 
anything we know to-day. 

Laying Down of the Coal Measures 

Let us for a while imagine that wo have 
gone back in time many millions of years 
and are actually looking upon the Carboni- 
ferous landscape, just as we stood in fancy 
by the desolate Cambrian seashore, w'hen 
the land was not tenanted by a single livmg 
thing. (A remarkable portrayal of a Carbon- 
iferous forest is given in a colour plate at the 
beginning of this volume.) What a difference 
is seen' now in oim surroundmgs ! We are 
standing in a dense, swampy jungle. Gigantic 
ferns Itft their spreading fronds sixty or 
seventy feet above the ground, and loftier still 
are the huge cluh-mossos — ancestors of the 
tiny, creeping club-mosses of our hills and 
moors — ^which stand like forest trees and 
measure five feet or more through the trunk. 
Here are the forebears of our horsetails — but 
they, too, are large and ponderous trees. 
There are also enormous araucarian trees — 
conifers related to our "monkey puzzle” — ^and 
slender climbing plants that drape and en- 


circle tlieir bigger brcthicu, much as do the 
tropical lianas of to-day. FiiONTispiECE, 

There is a sombre and monotonous aspect 
about this primeval forest that depresses the 
spirits. For one thing, wo find a marked 
similarity in most of the plants; their 
branches almost uniformly cumbrous and 
club-shaped and springing from the trunk in 
regular ivhorls. We miss, too, the thin, 
broad leavo.s of our own ti’ees such as oak, 
ehn and beech, which cast such a cool and 
grateful shade in modern forests. In the 
Carboniferous jungle most of the leaves are 
tiny, naiTow and spine-lflto, so that they can 
do little to keep out the light of tho sun. 
Then there is not a single bloom, or tho 
promise of one. in tho whole of this ancient 
jungle, and the fragrance of flowers is a 
delight which is as yet unknown. Yet there 
is a multitude of creatures that live, aiiri 
presumably are happy, in this faniasuc 
forest. Crickcls chirrup merrily in ihe sun- 
shino, bugs and beetles run busily about in 
the undergrowth, spiders ])rowl warily up 
and down the fern trunlcs, loathsome cock- 
roaches of enormous size scuttle over the 
roots that spring from the black ooze, whei’e 
far below, generation upon generation of 
fallen troo.s and dead ferns are beginning tho 
lengthy operation of turning themselves into 
coal. Thero are also scorpions, locu.sts, 
stick-insects, wliite ants, snails, giant may- 
flies, and in'opostorous dragon-llic.s ivith a 
wing-span of two foot. 

This iicriod must have been a veritable 
insects’ paradise, for they had few enemies 
• of any kind; birds, for example, which con- 
stantly decimate their ranks to-day, were 
non-existent, and the first song of lark or 
thrush was not to be heard for many millions 
of years. Here there are no bees — ^nor 
butterflies and moths, for that matter — ^for 
there are no flowers to offer them nectar. 

Volcanoes and Earthquakes 

Just as we are thinking how monotonously 
still tho forest is, save for the occasional 
voices of the crickets and the drowsy murmur 
of the wind in tho fronds of tho great ferns 
above us, wo are startled by a roar as of a 
monstrous explosion, and through tho tree- 
tops we see the sky lit up with an angry 
glare. It is one of a multitude of volcanoes 
that has burst suddenly into eruption and 
is flinging red-hot rocks and torrents of ash 
towards the heavens; while a flood of burn- 
ing lava pours down tho mountain-sido and 
begins to devour the forest. At the same 
time, tho earth shakos ominously, and 
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everything conspires to bring home the fact 
forcibly to tis that our earth, though already 
of an inconceivable age, is still internally in 
a verj’ unsettled condition. 

The earthquake and the eruption cause 
terrible havoc; and the noise made by the 
most savage elements of 2fature, uninixed 
mth any cry of man, bird or beast, echoes 
through the forest in an appalling, unearthly 
din . Hundreds of the monstroms plants crash 
to the ground, where they lie like contorted, 
expiring giants; while curious creatures that 
we had not noticed before move about in 
alarm in the most swampy places and near 
the banks of sluggish creeks. These bear a 
general resemblance to newts and sala- 
manders; they have long bodies and tails, 
and their heads are encased in bony armour. 
Some of these creatures are quite small, only 
a few inches in length, though there are 
others that measure seven or eight feet. 
Their legs are weak, or else have not been 
develop^ — in which case their bodies are 
serpent-like — for thej' have not long taken 
to walking about the land, and they are 
still just as much, or even more, at home m 
the water as on terra jirtm. 

First Backboned Land Animals 

These amphibians are believed to have 
been the first vertebrate, or backboned, land 
am’mals; it is probable that they developed 
slowly from fi^es which contracted a habit 
of floundering about at low tide upon the 
seashore and exposed banks of mud, until 
they had become quite used to living outside 
the water. The young of these amphibians 
liint at the origin of their race, for they 
were fish-like “tadpoles,” living entirely in 
the water and provided with gills. 

While life was thus becoming more 
abundant and more complicated on land, 
it was developing with no less certainty in 
the sea. Fishes of all kinds were now 
plentiful, and they were invading inland 
waters. Perhaps the most dominant fishes 
were the sharks, with terrible rows of teeth 
which they used to crush iip crustaceans and 
shellfish in enormous numbers. The bracljio- 
pods — lamp-shells and their allies — ^though 
still important, began to decline; while the 
trilobites, formerly so numerous, almost 
entirely disappeared. There were also sea- 
lilies, sponges, worms, sea-nrehins and vigor- 
ous coral colonies in the Carboniferous seas, 
all becoming gradually more and more like 
the forma in which we know them to-day. 

Though the important Carboniferous period 
is so named owing to the occurrence of 


coal in the strata of rocks laid down during 
this time, we must not imagine that all the 
Carbonifcro^is rocks consist of coal. On 
the contrary, coal is present in the majority 
of the deposits to an extent that forms only 
a small proportion of the whole, and the bulk 
of the Carboniferous layers is composed of 
Umestone, sandstone, s^e, clay, marl and 
other “rocks.” However, coal remains tho 
most important to man of all the Carboni- 
ferous, or indeed any other, deposits, and we 
propose to trace briefly its formation from 
the uncouth ferns and club-mosses of the 
primeval forests. 

How Coal has been Formed 

As is the case with most of the natural 
causes that have shaped our earth and made it 
what it is, the laying down of coal did not 
come to an end at a remote period, but is still 
proceeding actively — as, for instance, in the 
peat bogs and “mosses” which cover a con- 
siderable part of northern Europe. As every- 
body knows, peat is a dark, fibrous substance, 
consisting almost entirely of dead vegetable 
matter, preserved from decay by chemical 
notion and preased into a compact mass by 
the weight of the layers above it. Peat, 
which is verj' soft and loose compared with 
coal, is formed fairly rapidly, and in some 
places a layer three feet thick may be the 
accumulation of only thirty or forty years; 
other poat bogs, however, are of muoh 
slower groivth, and even at a depth of only 
a few feet M e may find m some of them 
stone implements, the remains of dug-out 
canoes, and other relics left by primitive 
men who roamed ovor the locality in the 
fur-ofl' days when the dry peat moss was a 
lake or swamp. But a vastly greater time 
still Avould be required for the formation of 
a bed of coal of this depth. Given sufficient 
time to do so, however, the peat Avould pass 
by imperceptible changes into coal. 

But we must not conclude that the climate 
of the ancient coal forests was necessarily 
hot. In fact, geologists are of the opinion 
that the climate prevailing in those days 
was A^ery simOar to that of the temperate 
zones of the earth to-day, and that the 
Ckirboniferous vegetation owed its rank and 
luxuriant groAvth to other agencies than 
that of hothouse warmth. The natural 
history of coal is a subject of great complexity 
but the general maraier in which coal Avas 
formed is easy to understand from the present 
conditions to Avhich Ave have just referred. 
Tho dead and fallen horsetails and olnb- 
moEses formed an accumulation thajt Avas 
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increased by debris ■washed along by streams 
and floods. The level of the land gradually 
subsided — as it ■was particularly wont to 
do in Carboniferous days — and the sea took 
the place of the former swamp or jungle. 
Ages passed, during which a bed of sandstone 
or limestone was depo.sited, grain by grain, 
upon the fallen forest; then the geological 
pendidum swing back again, the sea receded, 
a new forest flourished upon the gra've of 
the old one, and gradually a second layer of 
vegetable refuse was deposited. Tn some 
localities this gigantic ebb and flow occurred 
many times, leaving an indelible record in 
the roclrs in the form of layers of clay or 
sedimentary rock alternating with the seams 
of ancient plant remains — altered out of 
all recognition by stupendous pressure — 
that ■we know as coal. 

Critical Period in Earth-History 

We must leave the interesting Carboni- 
ferous period and pass to the Permian, in 
which we shall find some new creatures 
altogether. This seems to have been a 
critical period in the history of our earth, 
and unfortunately there ore many perplexing 
blanks and gaps in the story told by the rocks, 
which geologists would dearly love to be 
able to fill. 

In the sea, types more and more like 
modern creatures were being evolved; the 
fishes were beginning to look lilte those of 
to-day, while the trflobites died out entirely 
in ■this period. But the most significant 
changes were taking place on land, where 
the first true rutiles — ^forerunners of a 
race that was to become predominant in 
succeeduig ages — ^were putting in ah appear- 
ance. Many of them were very fearsome and 
uncouth, but in these respects they lagged far 
behind some of their descendants. 

Some of the Permian reptiles bore a resem- 
blance to the crocodiles and largo lizards of 
to-day, and several repulsive forms are known 
that had a lofty crest 'svith a saw-lilce edge 
running along the back, supported on spines 
that grew from the backbone. These reptiles, 
of which the best known is the creatine 
called Dimetrodon, had also ferocious teeth 
and claws. The newt-like amphibians were 
very active, too, during Permian times, 
and they have left their footprints clearly 
printed in the sand that has tinned in time 
to rock. 

With the last Permian deposits the first 
great era in the history of liEe comes to an 
ond; it is kno^wn as the Palseozoic, or era 
of ancient life, and it is succeeded by the 


Mesozoic, or era of middle life, which begins 
with tho Triassic rocks. During Mesozoic 
times the earth’s crust had become more or 
less settled, and it was free from great 
convulsions such as had torn and twisted the 
rocks in earlier times. Most of the great 
volcanoes, too, had become extinct or 
inactive. Judgmg by tho relative thickness 
of the strata, the Mesozoic era endured only 
about a quarter as long as the Palaeozoic 
hatl done, but it was a time of more vital 
changes. Primarily, it was the ago of great 
reptiles — in many ways tho most remarkable 
of all the beings that have inhabited tho 
earth. We meet with quite large forms in 
the Ti'iassic rocks. There was a lizard-like 
animal called Pariasaurus, for example, 
whose remains wore found some years ago 
in largo numbers in the cliffs of tho River 
Dvina, near Archangel. This was a largo 
animal — about eight feot from nose to tail — 
but its numerous small teeth show that it 
was a harmless vegetable feeder, which doubt- 
less fell a prey to the savage appetite of 
its carnivorous follows. One of the latter, 
Inostransoina, had a skull that measurecl 
two feet in length, and its jaws were set with 
terribly long and sharp fangs. 

It was during Triassic times that certain 
freshwater reptiles developed the habit of 
swimming down tho rivers into the open sea, 
and these were the ancestors of the great 
fish-lizards which we shall meet in a later 
period. Carnivorous reptiles resembling our 
crocodiles were numerous in Triassic times, 
while turtles also became well developed 
dining this period. It is in the Triassic 
rocks, too, that we find tho earliest remains 
of dinosaurs, the groat land reptiles which 
were to make the world such a fantastic and 
terrible place to live in during the next two 
geological periods. 

The First Mammals 

But most important of aU Triassic pro- 
ductions wore the earliest mammals, that 
class of animal to which all the higher 
creatures — ^inoluding man himself — belong. 

The next period, tho Jurassic, has been 
not inaptly termed “the age of reptiles,” 
for at this time they were lords of land, 
sea and air; never before rior since have 
reptiles attained such dominance, or in- 
dividually such a colossal size. Ranging 
through the seas, for example, were the great 
ichthyosaurs, or fish-lizards, which had 
streamlined bodies like those of true fishes, 
long, narrow jaws set vrith many teeth, large 
flippers and enonnous eyes. The largest 
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of these creatures measured thirty feet or 
so in length, and they were singularly like 
modern porpoises and grampuses, though 
these, of course, are mammals. 

The Plesiosaurus was another weird reptile 
of the deep. This creature had a round, 
elongated body, something like the hull of 
an early submarine, from which projected 
a very long, slender and tapering neck bear- 
ing a head that was small and snake-like, 
with jaws furnished -with numerous conical 
teeth. The Plesiosaurus swam rapidly 
through the Avater by means of its fom large 
paddles and long, muscular tail ; and probably 
it could seize lizards and other animals from 
the rocks w'hen coasting along near the 
shore; or snap fishes and molluscs out of 
the water ; or with equal facility could dive 
far below the surface and thrust its long neck 
into the intimate recesses of subterranean 
caves and chasms in search of particular 
dainties. There were several species of 
Plesiosaurus, some of which were only six 
feet or so in length, while others measured 
fully forty feet from head to tail. 

If we take the restoration of Plesiosaurus 
which we here show in our sketch, add two 
pairs of stout limbs instead of swimming 
paddles, lengthen the tail and make the whole 
body somewhat more bulky, we shall have a 
very fair conception of the great dinosaur 
knoAvn as Ceteosaurus, and also of the closely 
similar Brontosaurus and Diplodoous, all of 
which must have been truly fearsome- 
looking beasts, though actually they were 
comparatively harmless vegetarians. These 
dinosaurs walked equally upon all four feet 
and, it is thought, browsed upon succulent 
water- weeds ; it has been suggested that they 
walked along the bed of the sea or river keep- 


mg their disproportionatelj" tiny heads just 
above the water. 

Probably they .spent the greater part of 
their time in this fashion, for, as we shall 
see, terrible foes awaited them on land. 
There is a cast of a skeleton of Diplodoous, 
fashioned after actual remains, in the Natural 
Histor} Museum, London; it is no less than 
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The stranaa sea-reptUe Plesiosanrus had a smail head, a long stiff neck and a snvooth and unarmoured skin. This 
skeleton of Cryptocleldaa oxonlensts was found at Peterborough and Is about 11 feet long. In the recoastructtini (top), 

the Plesiosaurus Is diving after dsn 
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eighly-four fcot in length and nearly thirteen 
feet in height, measured at the hind limbs. 
But vaster still was the Atl.intosaiirus, a 
somewhat similar creature, whose remains 
have been disinterred from the Jurassic 
formations of Wyoming, IT.S.A. It was 
probably 100 feet in length, while its thigh- 
bone alone — a cast of which can ho seen in 
the Natural Htstory Museum — ^was six feet 
long and of enormous strength, hinting at 
the colossal weight which it had to support 
in life. 

Strange and Fantastic Dinosa urs 

Not nil of the great dinosaurs went upon 
tlieir four legs, and not all of them by any 
means were herbiv'orous and inoffensive. 
There were fierce and terrible lizard-like 
dinosaurs that walked and ran habitually on 
their great hind legs, supporting themselves 
with their long and heavy tails, like the 
kangaroos and wallabies, and touching the 
ground only occasionally with their compara- 
tively small forefeet — ^this much has been 
deduced from the fossilized footprints which 
these creatures left in the onoo-wot sand. 
Among dinosaurs of this type were many 
that were very powerful and agUe, Arith 
numerous long and sharp teeth and equally 
sharp claws; and these must have preyed 
cruelly upon their mild and umAueldy 
herbivorous brothers. Such was the Mcgalo- 
saurus, a European dinosaur about twenty 
feet in length, with groat tiger-like fangs 
in its poAverful jaAvs; such also Avas tho 
Ceratosaurus, one of the terrors of North 
America at this remote period, which, in 
addition to its sabre teeth, had a large and 
formidable horn upon its head. 

Perhaps the most fantastic of all these 
nightmarish reptiles were the Jurassic dino- 
saur known as Stegosaurus and its several 
related species. StegosaAirus was fully as big 
in the body as a large elephant, and must have 
weighed many tons. Its hind legs were tAciae 
as tall as a well-grown man, but its forelegs 
were short in comparison, so that the crea- 
ture’s relatively small head, Avith its parrot- 
like beak, was carried not very far above Iho 
ground. The long and heaATy tail bore a 
double row of long, sharp spikes, constituting 
a weapon with the most deadly possibilities ; 
but perhaps the most remarkable feature of 
StegosaAvus Avas the double crest of great, 
roughly triangular, upright bony plates Avhich 
were attached to the top of its back, from head 
to tail. 

As though not content Arith being tho 
unquestioned lords of land aqd sea, tho 


reptile creation had already invaded the 
air in Jurassic times; and ciuious, bat- 
like Avinged lizards (pterosaurs) fleAV over 
the fantastic .scene, seizing beetles, cock- 
roaches and crickets in their sharp teeth. 
There were neither birds nor bats when the 
pterosaurs came uito being, but tho.so un- 
couth Avinged lizards resembled a blendmg of 
the tAvo, though unrelated to either; and 
they are sucli highly specialized creatures that 
an enormous span of time must have been 
necessary to bring about their evolution from 
ground reptiles. Unfortunately, as is her 
Avont, Natmre has hero left us a record only 
of her finished product and there is no trace 
of its intermediate evolutionary forms. 

Each of the long, skmny Avings of tho 
pterosaur Avas supported by one of its 
inuuensely elongated fingers, and was 
attached behind to the hind limbs and tail. 
The latter organ was sometimes qtiito short, 
as in the Pterodactyl, a creature ranging 
through various sizes, from that of a sparroAV 
upwards; but there were also pterosaurs 
with immensely long tails which must liave 
trailed far behind them in flighi and which 
sometimes terminated in a curious flap of 
skin like a rudder. 

Beginnings of Bird Life 

Being reptiles, the pterosaurs wore, of 
cour.se, quite destitute of anything like 
feathers or fur to cover their naked skin; 
yet in tho latter part of the Jurassic period 
there Avere weird feathered creatures flying 
about that cannot be regarded as other- 
AAise than true birds, though the earliest and 
crudest of feathered being of Avhich man has 
any knowledge. The first fossilized spoci- 
mon of these primitive birds — ^Archmopteryx 
it has been christened — AA'as discovered in 
Bavaria in 1861 and is now in the Natural 
History Museum, London; its great im- 
portance was recognized at once, for it 
constitutes a linli between all the birds 
as Ave know them to-day and the ancient 
land reptiles from which the whole avian 
class evolved. Eor once. Nature has taken 
us behind the scenes of her theatre of 
mysteries, and shoAvn us an entirely new 
class of animals in the malting, though 
already at a stage of A’ery high development. 

Aroheeoptoryx Avas about the size of a 
rook or a pigeon; in place of the horny beak 
of existing birds, it had a blunt jaw set Avith 
sharp teeth (which no modern bird ever has), 
and its fore-limbs tesrrainated in throe distinct 
clawed fingers, Avhioh in later birds fused 
together, and became funotjonless as digits. 
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The most remarkable feature of Archaeop- 
teryx -was, however, ita extremely long, 
slender, bonj’^ tail, quite unlike that of any 
recent bird but closely resembling the tail 
of a lizard, though set with two rows of 
true feathers. 

In the seas of the Jurashio period fish 
were beginning to approach their modern 
forms, and ganoid.s were degenerating. The 
great aquatic reptiles which we have met 
already were abundant, and so were the 
crocodiles and alligators and the eaiiier 
forms of our soft-skeletoned sharks and 
sturgeon. Cuttlefish appeared for the first 
time, while their allies, the helcranifes, have 
left their horny internal skeletons in large 
numbers in the deposits of this age, much to 
the perplexity of the uninformed when they 
find them in cliffs and cuttiugH. Other 
cephalopcds that were particularly active 
during this period and the next Avcre the 
ammonites, with their chambered shells 
resembling those of the modern nautilus. 
Ammonite shells display an infinite variety 
of form and size, some being quite straight 
and tube-lilce, while others are coiled, 
loosely or tightly, into a spiral; some species 
are very minxxte, while others, of the spiral 
kind, may measure as much as five feet in 
diameter. They are often popularly mis- 
identified as “petrified snakes." 

Plant life was still ot a simiile, archaic 
order in Jurassic times: ferns and horsetails 
still held their dominant position, together 
with the palm-lilce Gyeads, which had 
arisen during the previous era. There were 
yet no flowering plants, though coniferous 
trees had made a groat adtuiuco, and there 
were forms little different from our oiTirodses, 
yews and pines. The slender insect popula- 
tion was enriched by the first flies and ants. 

Gigantic Reptiles of the Chalk Age 

The great Mesozoic era ends with the 
Cretaceous period, which witnessed the last 
stand of the giant reptiles, a race W'hioh was 
to disappear from the face of the earth in 
the beginning of the next geological ora. 
However, in the Oretaooous there flourished 
some of the most grotesque and fearsome 
dinosaurs of all. There was the terrible 
Tyrannosaurus, for example, the largest of 
the carnivorous dinosaurs, which stood 
twenty feet high. It ran and walked 
habitually on its great hind legs, balancing 
itself by means of its heavy tail; its skull 
alone was more than a yard in length, and 
it had teeth like those of a tigei*. It must 
have been an appallingly fierce and agile 


creature, .striking terror into all ueaker 
animals. 

Then there wa.s the thirty-foot monster 
knOAvn as Triceratop.s, which had very much 
the appearance of a large rhinoceros, though 
witli a long, trailing tail, a bony frill covering 
its thick neck like a great piece of armour, a 
horn projecting forward on the tip of its 
no.se, and a pair of long, sharp Iiorns above 
its ej'e.s. The skull of this dinosaur, with 
the bony neck-piece attached, measured 
.sometimes about six feet in length. Truly 
a formidable beast! 

Another fantastic creature was the Tracho- 
floii, a swamp-frequenting dino.saur that went 
upon its hind legs like TjTannosaunis; it 
was notable for its broad, flat, spatiilato 
beak, like the bill of a duck. 

TJie IguanodoH in Kent and Sussex 

Over the weald of Kent and Sussex roamed 
the great herbivorous Iguanodon, the fossi- 
lized bones of whieii were among the first 
dino.saur remains known to scientific men. 
The Iguanodon also stood in a kangaroo-like 
posture, and even when walking or rnntiing 
it touched the ground only occasionally wdth 
its forefeet, as we can see from its fossilized 
footprints. It stood about fourteen feet 
in height, w*hile its skull — ^no less than a 
yard long — had pow'erful, toothed jaws 
terminating in a hard, horny beak, like that 
of a turtle. Yet this dinosaur was probably 
a very inoffensive Idnd of creature and, no 
doubt, since it had no bony armour, was 
preyed upon cruelly by more bloodthirsty 
reptiles. It probably frequented swamps 
and marshes, w'here it could escape its enemies 
by plunging in the water, for it seems to have 
been able to swim powerfully by means of its 
enormous tail. 

Remains of Iguanodon have been foimd 
near Hastings and Maidstone and in other 
parts of England, but the most remarkable 
discovery w'us made in Belgium about 1877, 
when no few^er than tw’cnty-two skeletons 
of theno huge lizards were found in a coal- 
mine ; a number of them have been mounted 
in the Brussels Museum, where they form a 
most impressive spectacle. 

Pterosaurs, the winged lizards of the air, 
attained their greatest development in Creta- 
ceous days, and at the same time some of 
them lost their teeth. Of the latter kind 
was the creature known as Pteranodon, 
which measured eighteen feet across tho 
wings, and there were other species nearly 
half as big again. The skull of Pteraaipdon 
alone was nearly four feet in length, and 
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though devoid of teeth, it had a long, 
pointed beak of immense power. But some 
of the largest pterosaurs had a full set of 
teeth, and they must have been tveird and 
wonderful creatures indeed 

There were animals no leas remarkable in 
the Cretaceous seas. Apart from a whole 
world of small life — sponges, corals, cephalo- 
poda, shellfish and so on — ^there flourished 
predaceous ichthyosaurs and the largest 
plesiosaurs of all, while new tyrants had 
come on the scene in the form of toothed 
serpents of prodigious size, known as Pytho- 
nomorphs, whose snako-like bodies were im- 
pelled swiftly through the water by means of 
powerful paddles; some of theso dreadful 
beasts reached a length of seventy-five 
feet. 

True birds (some of them flightless and 
all of them toothed) and bony fishes were 
becoming common in Grotaccous times, 
while the plant life was growing quite like 
that of to-day. Oak, elm, walnut, fig and 
others of our modern trees mingled their 
foliage with that of the vastly older ferns 
and conifers, and the Oretaceous period 
witnessed the first flowering plants. 

The great Mesozoic era had now come to 
end; it had produced, in the diuosaurian 
reptiles, the most remarkable race of creatures 
that has ever existed, but a race that was 
fated to perish entirely as the epoch came to 
a close. In the opinion of most zoologists, 
their extinction was due to the fact that the 
size and power of thorr brain were woefully 
low in proportion to the vast bulk which 
they had to maintain. The great armoured 
Trioeratops, for example, had a brain that 
in proportion to bulk of body was only 
one-tenth the size of that of a crocodile. 
The Brontosaurus, fifty or sixty feet in 
Imgth and of pro^gious bulk, had propor- 
tionately the smallest brain of any vertebrate 


animal. The Diplodocus, more than eighty 
feet in length, had to do aU its thinking with a 
brain the size of a walnut. Even in those 
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Pteronodon, tbe greatflylnglizardoftbe Cretaceous period, 
had a wmg>8pan of IB feet and probably flew like an alba- 
tross —by gliding and soaring on air-currents. Pteratto- 
don occtdentalts fished In the chalk seas of Kansas, U.S.A., 
where the skeleton (rop) was discovered 

dinosaurs that had tremendous akuUs, bixt 
a mere fraction of the apace was occupied 
by brain. So, unable to adapt themselves to 
changing conditions, the great reptiles de- 
chned; other creatures with larger brains 
and more alert faculties outdid them in the 




The Age of Mammals 


[ 351 1 


Ancestral Mammals 


struggle for existence, and ■when we come to 
the next period, the Eocene, udth which the 
Tertiary or Kainozoic era begins, the curtain 
goes up on these creatures — the mammals — 
already large, A\ell developed and active, 
although even the latest Jurassic records had 
showui them as small, primitive and un- 
important. Clearly there must have been 
an enormous interval between Jurassic and 
Cretaceous days, of which but scanty evidence 
has been left in the rocks. 

The Tertiary era, that consists of the 
Eocene, Oligocene, Miocene and Pliocene 
periods — each of which covers a vast span 
of time — is primarily the age of mammals, 
an age in which this great class of living 
creatures rose to the supremacy which they 
still hold; and yet not aU the living species 
that evolved have survived until modem 
times. This, indeed, is just as well, for in 
size and ferocity some of those departed 
mammals vied almost with the dinosaurs 
they bad replaced. There were, for example, 
the creatures known as Dinocerata (plural 
of Dinoceras), whose remains have been 
found in the Eocene of Wyoming. These 
were heavily-built, four-footed beasts, ■with 
a remarkable resemblance to a rhinoceros, 
yet -with as many as three pairs of horns on 
their ungainly heads, and sometimes ■with 
two enormous curved teeth projecting from 
the upper jaw; these animals were nearly as 
large as elephants, standing about seven feet 
or eight feet high at the shoulder. 

Tfea Ancestor of the Rhinoceros 

Huge beasts also were the Titanotherium 
and its congeners. It was a sort of ancestral 
form of rhinoceros, and grew to a length of 
fourteen feet, but its horns were set one on 
either aide ^ its nose, instead of iu the 
middle line of the head, as is the case with 
modem rhinos, and it must have had a 
more ferocious aspect than has any animal 
of to-day. 

Co-existent ■with these creatures were the 
very early mastodons, ancestors of the 
elephant tribe, ■with their freakish forms of 
tusk development and their persevermg 
experiments towards the evolution of a 
proboscis; wo have already glanced at some 
of these animals in the earUor part of this 
chapter. The ancestors of the horse, too, 
roamed over the plains in the Eocene and 
succeeding eras, but they were small, timid, 
three- and four-toed animals, "with only the 
remotest resemblance to the noble, single- 
toed friend of man. 

Meanwhile, all kinds of carnivorous mam- 


mals were eml^ving, many of them being of 
considerable size; tliougb, as has always 
been the case, they ■were not so big as the 
larger ruminants. They had the form of 
ancestral pigs, wolves, rats, hyajnas, great 




eaves from the forests of the Tertiary ^a. In the 
ocene, or flrst part of this period, the south of England 
njoyed a sub-tropical climate, and such trees as fan and 
iattier-palms flourished. This portion of a feathtt- 
Blm leaf (top) Is * ft. long and was found at Bourneroomni. 
rotn B later and cooler time — the Miocene — comw tne 
ellcate leaf of the Poplar (Popuius la f tor) ^ 

neartbed at 06ningen,near J.«ke OonatancelnSwItaerlapd, 
and Is here shown about half natural sue 
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cats Avith sabie-lilce teeth, wliilo many of 
them had characteristics that seem to show 
a connexion with the pouched mammals of 
Australia. The latter important ^oup, by 
the way, seems to have produced its largest 
form in the Pleistocene peiiod, which 
followed the Pliocene; this was the monstrous 
wombat known as Jliprotodon, the size of a 
large rhinoceros, whose huge skull was pro- 
vided with gnawing front teeth resembling 


powerful chisels. The spectacle of this 
formidable beast carrying its young in its 
pouch must have been a curious one, to 
say the least. 

While the monstrous beasts w'e have 
described were slowly evolving, attainiug 
their racial prime and becoming extinct or 
else approaching more and more towards 
the forms assumed by their recent descen- 
dants, we must imagine innumerable other 
creatiues — and plants as well — develop ing 


Fossil Animals of South America 


with them side hy side, forming a background 
to the scene over which marched these 
uncouth giants, lords of creation. Whales, 
seals and true fishes in abundance swam in 
the seas, together with sharks 100 feet hi 
length. Birds, too, wearo prominent', eagles, 
buzzards, owls, herons, guUs and plovers — 
those or their ancestral types wore but a few 
of tho Kainozoic denizens of the air. But 
there were other birds with undeveloped 
wings that could not take to 
tho air, and wore obliged to 
run about tho ground like tho 
modem ostrich and emu. One 
of the most remarkable birds of 
this typo lived in Patagonia. 
It was tho crano-lilco bird known 
as Phororhacus, which stood 
twelve fool or so in heiglit, and 
had a monstroub hooked beak 
of tremendous power. Iii 
strength and ferocity it must 
have far oiitrivallod tho largest 
eagle, and indeed it comes 
nearer to tho fantastic roc of 
eastern legend. 

Dawn of the Pleistocene Em 

So wo arrive at tho Plois- 
tocono era — the iouith, or 
quaternary, great age in the 
geological history of the world 
— in which the face of tho earth 
canio to have much the same 
appearanoothat it w’oars to-day 
and in which Man, the most 
triumjjhanl manifostation of 
the large and complex mam- 
malian brain, was to begin Ids 
sensational and comparatively 
brief rise to world dominance. 

Nature had still some huge 
and amazing creatures to pro- 
iluce; and for some of the 
straiigi>st forms she scorned to 
regard tho South American 
continent as particularly 
favourable. There was the 
so-called Toxodoii, for example, whose head 
Charles Darwin obtained at La Plata for the 
value of eighteenpencc. It was a groat hoofed 
quadruped, as largo as a rhinoceros, yet in 
anatomical structure, especially in its huge 
cbisel-lik© tooth, having much in common 
with the rodents, such as rats and gumea-pigs 
— it we can imagine a giunoa-pig nine feet in 
length. 

Then there was tho Cllyptodon, a progenitor 
of the armadillos of to-day. Tho latter arc 
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Monster ancestor ol the clumsy eloth o( South American forests — 
Megaiharlum amerlcanum, srhlch Instead of climbing trees like Its small 
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small and inoffensive beasts inhabiting the 
woods and pampas of South America; they 
have a covering of bony armour fitting 
together with loose joints so that the arma- 
dillo can roll itself up in a ball like a hedgehog 
or a wood-louse. But the Glyptodon’s body 
armour was in a single piece forming a 
continuous, rigid shield, six or eight feet in 
length, like the carapace of a tortoise. He 
had a hard plate, too, on the lop of liLs head, 
and his short, thick tail was 
covered with overlapping bony 
rings and formed a weapon that, 
no doubt, could deliver tre- 
mendous blows. The whole 
animal was probably far more 
bulky than a large ox, and we 
can feel very thankful that its 
mrdern descendants have de- 
generated in size and strength. 

Sloths are among the animals 
moat characteristic of the South 
American jungles, where they 
can often be seen hanging 
upside-down m the tree-tops 
and climbing cautiously from 
bough to hough : in fact, they 
are almo.st exclusively arboreal 
animals, and are nearly helpless 
when placed on terra Jirma. Jn 
build, they resemble a medinni- 
.sized dog. But they had an 
ancestor of the Pleistocene ago 
that rivalled an elephant in 
hu Ik. This giant sloth is known 
as the Megatherium. When 
erect, it had a stature of four- 
teen feet or so, and its ungainly 
body was covered with long, 
coarse, shaggy hair. iPkom head 
to tail it measured about eigh- 
teen feet, and it mu.st have 
weighed several Ions, so that an 
arboreal life was denied to it and 
it was restricted to the ground. 

Like its modern descendants, 
the Megatherium fed on the 
leaves and shoots of trees, rearing itself up 
on its hind legs and bending down the lower 
branches of the trees with its powerful fore- 
paws, and then stripping off the foliage with 
its long, prehensile tongue. 

A Tantalising Mystery of Zoology 

Megatherium had a near relative — ^also a 
giant ground-sloth — called the Mylodon; and 
in dealing with this animal we touch upon 
one of the most tantalizing and romantic 
mysteries of zoology. In the year 1897 the 


Tantalizing Mystery of Zoology 

attention of the scientific uorld uas drawn to 
a remote and almost inacces-.iblc cave, high 
up above the ravine of Ultima iSj)oranza m 
southern Patagonia, near the Chilean coast, 
where undoubted remains of a Mylodon, 
as well as of several other animals, had been 
discovered. Strangely enough, in view of the 
many, many thousands of years ago that the 
Mylodon was believed to have become 
extinct, tlie remains bore all the apjiearance 


of having belonged to an animal that had 
lived in comparatively recent times. There 
wore large fragments of dried skin, covered 
with shaggy hair; there were innumerable 
bones, some of them smeared mtli blood 
and bearing the dried remnants of tendon 
and cartilage; and there were the droppings 
of these huge animals in plenty. Moreover, 
there was a quantity of chopped hay, which 
seemed to have been stored in the cava for 
fodder, while several other traces of human 
occupancy were detected, such as stone 



Twelye-foot-hlgh skeleton of tbe giant ground sloth (Afegnthertum 
americanum) tbe ungainly body of which was covered with coarse* lank hair 
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implements, remains of fires, and bones of 
Tnan himsclf. The Mylodon was certainly con- 
temporary with Man; but was this great beast 
alive in recent times, as the fresh condition 
of the remains would seem to suggest 1 The 
question is a very puzzling one indeed. 

Man, the Conqueror, Appears 

It was probably during the Pleistocene 
era — ^perhaps some half a million years ago — 
that Man began to be differentiated gradually 
from the ape-like creatures with which he 
shared a common descent. How and why 
he became differentiated is not clearly under- 


stood, but it was due most probably to 
some superior advantages — ^trifling to begin 
with — of hand .and brain. So Man began 
his arduous ascent, which we cannot trace 
here in detail. He had many formidable 
enemies to harass him and to contest his 
very existence, though doubtless the incessant 
conflict did much to mould his mind and 
character and to shape bis incipient culture. 
There was, first, the bitter cold of the Ice 
Age which, in one groat wave after another, 
swept from the North Pole over Europe and 
North AmerLca, transforming the face Of the 
land under the pressure of a vast cap of ice, 
obliterating plains and forests, and drivii^ 
man and beast ever farther sontl}, 


Then there were the gi'oat beasts them- 
selves with which early man was in constant 
warfare, fighting for a meal or for his life. 
There was the sabre-toothed tiger, with 
terrible canine teeth eight or nine inches in 
length, with which this beast slashed and 
poniarded its prey to death, for these teeth 
were far too large to be used in the ordinary 
way. There was the ponderous cave-bear, 
larger and more powerful than the modern 
Polar bear, whose bones are found in caverns 
in England mingled with those of man. 
There were colossal wild oxen, whose horns 
measured as much as eight feet from tip 
to tip, and which survived 
late enough to be mentioned 
by Julius Csesar, who de- 
scribed them as being nearly 
as largo as elephant.^. 

There was the hairy mam- 
moth, which bravely roamed 
the wastes of snow and ice; 
and there was the woolly 
rhinoceros which, with the 
mammoth, was one of the 
earlier inhabitants of that 
region which is now Loudon. 
At this time, too, there flow- 
ished the largest and most 
lordly of all the deer tribe, 
the so-called Irish elk, which 
ranged over a groat part of 
Europe, although its remains 
are most frequently found in 
the peat bogs of Ireland. 
Resembling probably, a gigan- 
tic fallow deer, it stood about 
six feet high at the shoulder, 
while its noble, branching 
antlers had in many cases a 
span of eleven feet. 

There is reason for thinking 
that this splendid creature did 
not become extinct until nearly historic times, 
though there were many other areatures that 
went out of existence much later BtUl ; we may 
instance the quagga, the dodo, the great auk 
and — ^most remarkable of all — ^the giant moa 
of Now Zealand. This was a running bird 
somewhat resembling an ostrich, but con- 
siderably larger. It had immensely stout 
and powerful legs and must have been able 
to proceed at a great rate, but its wings were 
almost non-existent and it could not' fly. 
It carried its absurdly diminutive bead at 
a height of twelve feet or more above the 
ground, and its colossal proportions must 
have greatly astonished the Maoris who first 
pplonlzed New Zealand some five or six 



of ihi Soulktrn RhaUsleut Govtmment 
The art o( prlinitlTa man baa nevar bees aurpassed In Its rara almptictty 
and flnenaaa of pecceptldn. It 'waa, moreover, the final Indication tbat Man 
badbecomeManaadbad left tbe animals behind him tor ever. This remark- 
able and characteristic example of early Bushman palntinfi Is from tbe 
Matopos in South Africa 
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hundred years ago. But, much to the last- 
ing regret of zoologists, it was not long 
before the now arrivals had hunted the giant 
moa out of existence. 

Our early human ancestors must have 
taken many, many thousands of years to 
pass out of the purely animal stage of their 
development, and even when they had the 
beginnings of an organized civilization, a 
great part of their behaviour and their way 
of thought must have been almost entirely 
animal. In all probability they had a bond 
of sympathy with the brute creation, from 
which they had not so long ago been differen- 
tiated, that is unknown to even the moat 
primitive races of to-day. The habits and 
aU the actions of animals were known to them 
intimately; and, probably for purposes of 
magic or ritual, they carved and painted upon 
the walls of their caves, on bones and antlers, 
representations of the animals of thoir day 
that are among the greatest masterpieces of 
ancient art. Mammoth, bison, boar, chamois 


and reindeer have been depicted for us with 
masterly simplicity, sometimes in the gloomy 
depths of unlighted caves, by the hands of a 
savage race who lived probably 50,000 years 
or so ago, w'ho had never seen a piece of 
metal and knew none of the refinements of 
life, and yet had the exquisite perception 
of the true artist and a technique that could 
scarcely have been improved. 

Though much has been wwitten regardhig 
the artistic qualities of these cave paintings 
of France and Spain, which we describe in 
another chapter, and of the no less remarkable 
work of the ancient Bushmen tribes of Africa, 
it is impossible to exaggerate the important 
part which these productions have in the 
story of humanity. For they illustrate the 
greatest triumph of the growing mind of 
man — ^the development of that conception 
of truth and beauty that was to lift the 
human race for ever above that realm of 
animal life in wliich its infancy had been 
passed. 


CHAPTER XXVI 

ELECTRICITY— THE POWER OF THE FUTURE 


'T'HE human race is engaged in a con- 
* tinuous struggle to secure greater control 
over its environment. It seeks to accom- 
plish necessary tasks more easily, more 
pleasantly and more rapidly, whilst at the 
same time striving to discover more satisfying 
means of utilizing natural resources to that 
end. The thoughts that prompted the story 
of Aladdin and his lamp, doubtless arose 
from these strivings and their frustration. 
Often, however, the realization of an ideal, 
or a dream, does not come about until after 
its author ^s passed into the unknown, for 
progress that is lastiog and real cannot come 
in a flash: it is the work of time and the 
painstaking task of many. 

To-day, if the originator of Aladdin could 
visit us, he would see the astonishing realiza- 
tion of bis dream. At the turn of a switch 
may flash forth light, of any ooloyr to choice; 
heat may be compelled to radiate, or coldness 
can he produced. A genie, with the speed 
of light, flashes to the oommand of he who 
but closes a switch, giving just sufficient 
for the task at hand; never varying appre- 
ciably; instantly availahle, but never moving 
untii the switch is closed; upon which, 
however, at a speed of 800,000,000 metres 
a second, the genie rushes to perform its 


duty — colomless, invisible, odourless, im- 
ponderable. But our modem Aladdin, the 
blas6 closer of switches, pays little he^ to 
the wonders of the service he thus secures 
from his ideal servant — ^Electricity. 

What Electricity is and How it Vforks 

Whilst it is not within the scope of this 
chapter to enter into deep technicalities, it 
is possible to discuss in a simple fashion the 
fundamentals underlying the nature of elec- 
tricity and how it performs its service, and 
so to enable an enthralling mental pioturo 
to be presented that will enable subsequent 
processes better to be understood. 

Sufficient is now known about the consti- 
tution of matter to enable us to say that 
matter of any form — i.e. aoUd, liquid or 
gaseous — ^has a common basis. In aU the 
elements that have been so closely examined 
it has been found possible to observe a basio 
principle of ooustiuction. All elements aie, 
in fact, merely different formations of the 
same basic arrangement. For example, the 
difference between iron, copper or hydrogen 
is merely one of varying formation qf 
the basio constituent — electricity, that 
neither be seen, smelt nor collected’^ 
ponderable substance. 



The Mighty Atom 


t 356 ] 


The Movement of Elccttons 


The common property thus possessed by 
all elements is that of giving up, when 
suitably agitated electrically, definite quan- 
tities of electric charge. The difference 
betvecn one element and another lies in 
the quantity of electric force that is bound 
up in each atom The most wonderful 
aspect of this question is that electricity 
itself is the only possible medium by which 
its own mechanism may be thoroughly 
examined; the secrets of Nature are most 
completely revealed when suitable electrical 
forces are applied. 

By the aid of electricity the transmuta- 
tion of matter has been accomplished, thus 
proving that the alchemists’ idea that lead 
could be turned into gold was not an im- 
possibility, even though they themselves 
were unable to accomplish it by direct chemi- 
cal reactions. By applying sufficient electric 
force, it is possible to remove a portion of the 
electric charge on an atom of a substance 
and thus bring about its transmutation. 
Bor example, from lithium has been pro- 
duced helium; sodium iodide has become 
helium and neon, and hydrogen has been 
produced from potassium, whilst radium 
and thorium transmute naturally. 

Mysteries of the Atom 

Many of the discoveries of the nature 
of matter have become cloaked behind a host 
of technical phrases and names, some of 
which completely hide actual mechanisms. 
Thus, the definite quantities of electric 
charge that can be forced from an atom 
have been named, just as if they were of 
material substance like a piece of coal. 

The name given to the indivisible quantity 
of electric charge, associated in different 
formations and amoimt with different atoms, 
is the electron — ^the unit quantity of what 
is usually known as negative electricity. 
Normally, these electrons revolve round a 
central position or region of positive electric 
charge and the whole constitutes an atom, 
whose nature depends upon the number of 
electrons apd their disposition with respect 
to the central equal and opposite charge; 
the latter is always equal to the electronic 
effect, and keeps the system stable in the 
absence of the influence exerted by electric 
charges. The whole system is balanced, 
like that planetary system of which the 
earth is a relatively small part. An atom is, 
in effect, such a system in microscopic form. 
The difference between, Say, iron and 
hydrogen is merely in the disposition and 
quantity of the units of electric charges 


associated together in the formation which we 
now call the atom — ^i.e. the smallest portion 
of any substance that can be isolated, or 
that is not capable of further division 
without losing its oxistmg character. If 
some part of these charges bo expelled from 
a given atom, say iron, it ceases to be iron 
and assumes another character, according to 
the amount thus released. Only by means 
of electric forces can this transmutation of 
elements be successfully undertaken, so that 
we have the Avonderful spectacle of electricity 
acting upon itself to reveal its own secrets. 

Magic of the Electron 

In common parlance, the word electricity 
is applied to tho movement of electric 
charges — of electrons, in fact. It is impos- 
sible to see this movement and wo judge of 
its capabilities, therefore, by- observing the 
effects it produces. We may measure an 
electric emront by observing the quantity 
of heat, light or mechanical force it pro- 
duces. The quantitative control of eloo- 
trioity can be made so wonderfully fine that 
it has been found possible to measure exactly 
tbo effect produced by the change of position 
of one electron — ^i.e. a unit charge. Its mass 
is one eighteen-hundredth part of the mass 
of an hydrogen atom, which is the lightest 
known element. The charge the electron 
carries is one six-trillionth of a coulomb, the 
latter being the quantity of electricity moved 
when a current of one ampere flows for one 
second. Accordingly, if one electron alone 
continued to move in a conductor for one 
second, the current produced would be one 
six-trillionth of an ampere; the ampere is 
the practical unit of current flow used iu 
everyday life. 

Owing to the fact that our everyday re- 
quirements of electricity are so great, the 
basis upon which wo measure it is tremen- 
dously greater than the small values quoted 
above for solitary electron charges and move- 
ment. We measure movement of electric 
charges by units called amperes and call it 
current flow — although the idea of electrons 
flowing along a wire like peas in a pipe is 
scarcely accurate. If one ampere passes 
for one second, unit current flow is registered. 
The pressure change between one end of a 
conductor and another as a result of that 
current flow is measured in volts, and thp 
energy expended when electricity moves is 
measured by the multiple of vplts and 
amperes, the resulting units being called 
watts. 

It is for watts that uters of eleotrioal 
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Courtesy of the Central Electr\eity Board 

Carrylnit the power across the countryside — rural distribution lines u the Clyde Valley. Power lines have to be con- 
structed to withstand all weather conditions 


energy pay. The well-known "irmt” that 
figures in accounts sent to the consumer 
by the supply company represents the 
electrical energy involved by the consumption 
of 1,000 watts for one hour and is known 
techiucaUy as a kilowatt-hour or, shortly, 
1 Kwh. This IB the Board of Trade umt. 

Power over Hill and Dale 

The immense extent to which electricity 
IB now utilized has brought into bemg the 
accomplishment of vast schemes for genera- 
tion and distribution. Huge power stations 
Buoh as those at the Boulder Dam, Colorado, 
Hiagara; Baddng, London; or the great 
hycho-eLeotrio ones in Russia, have taken the 
place of mote numerous but smaller stations 
supplying tbe needs of a local atea. So 
'great has become the demand foir dlactrical 
services that the stations of yesterday find 
themselves unable to cope with it.. 

All over the world the sinry is the same: 
therd is an insatiable demand for 


service Gigantic in its day, the station at 
Niagara Falls, where the inexhaustible 
resources of the world-famous waterfall 
are tapped, pales before the stupendous 
engineenng feat lately completed at the 
Boulder Dam, Colorado (see %llualroM(m8 
Chaptees xa and xxn). Here the Colorado 
River is being harnessed to dnve such 
gigantic turbme generators that their initial 
power will be 2,000,000 horse-power — i e. 
roughly 1,600,000 kilowatts, which is four 
times the power generated at Niagara. 

In this Colorado scheme, the water m the 
tiubme tunnels falls nearly 476 feet When 
it reaches the turbmes, it has a speed of 120 
tailes an hour. The enormous amount of 
water may be appreciated from the faot 
that it passes through eight gates or V(d?e9, 
each of which is thirty-two feet in “ 
a^nd hhs a total weight of 2,000 tops. 

In England our own vast and l 
rpnnmg electricity supply serri^ 
on somewhat diJSfet^ 
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guidance of the Central Electricity Board. 
Here aa many as 135 selected stations are 
being linked up all over the country for the 
purpose of suppl 3 dng a nation-ivide electrical 
network. The idea of a single huge station 
has been ruled out on various grounds, and 
the Board have relied upon the effective 



CourUsy of the Central Electncify Board 

Protecting the power Unee agalnat attdden surges in supply. Surge 
absorbers at a ^^Orid" transforming stoti<ni 

linkage of a number of stations throughout 
the country. A complete discoimeotion of 
supply for any extended period is virtually 
impossible, and when the Board have finished 
their work, failure will be exceedingly remote, 
owing to the system of interlinkage and the 
provision of carefully placed spare plant. 

The cost of this electricity scheme hfta been 
£26,600,000 sterling; there are 4,000 rpiles of 


transmission lines stretching over hill and 
dale, three-quarters of which carry the 
supply at the high “pres-sure” of 132,000 
volts, while the others are at pressures of 
66,000 or 32,000 volts respectively. 

Most of the problems attending the genera- 
ting of electricity in large bulk have been 
settled for a considerable time ; 
it was tbe question of effectively 
distributing this generated energy 
that caused most difficulty. In 
the ordinary way it is impossible 
to transmit electricity at safe 
working voltages to consumers 
over long distances, exceeding a 
few miles, because of losses due to 
the resistance of the conductors. 

The solution of the problem 
was to generate the eleotrioal 
energy at suoh high voltages that 
losses over the whole system be- 
came insignificant and formed a 
negligible part of the power avail- 
able ans^vhere in the system. 
It is very difficult to convey 
"direct” current like this, and so 
alternating - current generators, 
yielding a pulsating current that 
periodically reverses its direotion, 
ore used almost exclusively for 
power transmission on the large 
electricity genqrating schemes of 
the world, including our own 
“Grid” scheme. Direct-current 
high-tension schemes do exist, 
but ore in the minority. 

The grid scheme transmits elec- 
tricity at the high voltages 
previously mentioned — ^voltages 
that are transformed down by 
supply undertakings to household 
or industrial values of 230 volts, 
400 volts, and in certain cases 
to somewhat higher voltages. 
Two methods of conveying eleo- 
tricol energy firom power station to 
user exist : underground cabling 
or overhead transmission lines. 
In the working of a distribution 
soheme both have to be utilized; 
the former is essential in towns and thickly 
popiilated areas, but overhead lines are 
favoured for open country. To lay cables 
over lull and dme and under rivers is not 
a work to be undertaken lightly, owing to 
the vastiy greater expense than that of a 
comparable overhead network, Aooordingly, 
we now see large towers dotted over the 
countryside mostly with six wires apiece; 
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these lines carry the high-voltage electrical we mean not only the interchange of speech 
en^gy mom one end of the land to the but the passing of raw materials from one 
■ lx 1 , region to another, of products from one 
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m order to make this scheme possible, it section of a factory to the next, the control 
was necessary for manufacturers to develop of machinery during a whole series of 
special msulators that would withstand the operations, and the dispatch of finished goods 
enormously high voltages between the trans- to the users. Modern industrial activity 
mission hues and would 
also resist the of 
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have at his disposal, by the mere movement of could not oonceivahly go on if by some 
bis hand, power to perform his every task, means electricity was denied to it; indeed, 


Electricity in Industry and Commerce 

Industry and commerce, depending for 
their successful operation upon the eo- 
ordination of innumerable enterprises hot|[i 
great and small, have to rely upon effective 
communication between one and the other. 
Without eleotriorty this co-ordination would 
he impossible, because by oommunioation 


it is by virtue of electricity that such wonder- 
ful advances have been made iu factory and 
commercial procedure. 

No section of commercial activity is now 
left untouched by the benefits that deotrioity 
can bring to it. Labours have been lighteiied 
and tasks otherwise impossible are noy p^4 
formed with ease, whilst vast new aYdhj^ 
of approach have been opeij^ 'ijip4 J&4. 
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some instances the advances have been 
phenomenal and we propose to refer here 
to some of the most remarkable of them. 

On the Ocean 

Since our empire depends upon her 
shipping for her existence, we may well 
begin with that ancient enterprise. The 
saSing ship has been almost forgotten, 
except by the romanticists whose pleasme 
it is to dwell upon the past. The steamship 
provided a far more safe and reliable means 
of transport across the seas, and to-day we 
have the steam-electrical vessel. The dirty, 
smoky, inefficient stokeholds of bygone 
days are fast giving place to the clean, 
silent, oil-fii’ed furnaces which provide the 
steam for driving the turbines; in the turbo- 
electric vessel the turbines give motion to 
those mighty generators whose energy drives 
powerful electric motors that propel the 
ship through the water. 

Reliance has no longer to be placed upon 


the magnetic compass, with its errors and 
ever-changmg deviations. Indeed, although 
such compasses are carried as stand-by 
apparatus, we now have the electrically- 
driven g5rroscopic compass with its steadfast, 
nndeviating North point, ever directed 
towards geographical north instead of mag- 
netic north. Towards the latter the mariner 
has no real affinity since it is by the former 
that he sets his course. 

Wire less Direction Finding 

No longer also is the sailor dependent 
upon fine days and optical sextant readings • 
for ascertainmg his true position in the 
midst of oceans. Often were such readings 
in serious error, owing to weather conditions. 
Now, however, the wireless direction finding 
apparatus, in the space of a minute at most, 
can fix for tho navigator bis exact position. 
So, to-day, the electric ship sails the seas, 
a magnificent testimony to the value of 
electricity in industry and commerce. 

Think of the drudgery 
of a few years ago, in the 
laborious handling and 
shaping of parts to compose 
a whole, tliat wont on day 
after day in the average 
factory, while its organiza- 
tion slowly and painfully 
turned out the goods for 
sale. Then look at our 
modern, present-day 
counterparts of those once 
famous organizations. 

Vast quantities of the 
hardest steel arc melted in 
duo season, at the touch of a 
switch on the electric fur- 
nace. The finest tempered 
steel slowly draws out of tho 
never changing, wholly reli- 
able annealing furnaces and 
goes to electrically-driven 
processes and other 
machines, some of which 
may cut through inches 
deep of the hardest metals, 
or shear off pieces as re- 
quired. Yet electricity does 
not stop at exeirting enough 
energy to operate these 
powerful maeffines. It can 
also protect them from 
breakdown- By means of a 
delicate photo-elootrio cell, 
passipg tout a minute cur- 
rent^ 'When working# the 
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The traosmlasiofi of pictures oyer a ^et distance by land line and 
wireless baa reaehetiT such a stafte ox perfection that there la now 
very little difference between a picture sent in this way and an ordinary 
photograph. Reaving a picture at the office of the G«P«0* PJctore 
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machines may ho brought up 
abruptly and safely should the steel 
feeding through them become held 
up. In a flash, a minute impulse 
darts through the protective elec- 
trical relays and throws open the 
main switches in time to avert a 
catastrophe. A force equal to hun- 
dreds of tons of pressure to the 
square mch is arrested in a flash by 
electricity adequately controlled — 
which is but another of the marvels 
of our modem, invisible servant 

Nor does electricity excel only in 
heavy work. For example, in the 
cigarette factory we can see finely- 
tuned machines that weigh to a 
fraction the tobacco for each cigar- 
ette of the millions made each day. 
Delicaterelays and trip-switches atop 
and start the sequence of events. 

The cigarettes are weighed, rolled, 
gummed and oounted into packets, 
by means of electricity. No human 
hand need touch them. 

The Motor-car 

Paradoxically enough, although 
the modem motor-car depends upon 
petrol for its actual propulsion, it 
could hardly be made to go at all 
without electricity. To realize this 
one has only to examine some of the 
early and non-electrical ignition 
devices. It is the tiny spark pro- 
duced at the sparking plugs (h-om 
an induction coil fed by a battery, 
or from a magneto) that ignites the petrol 
vapour which, unless it is ignited, is powerless 
to produce any motive power. Nor would the 
motor-car be in such universal use but for 
the servioe that electricity gives in its 
manufacture. 

Not everyone could afford to purchase 
or, indeed, to mn the highly-expensive, 
{flmost perfect, moohanisms produced by 
hand fitting that are embodied in the best 
of our internal combustion engines. It is 
mainly electricity that has made mass pro- 
duction of motor-cars possible. Accordingly, 
we find, in the vast factories of Ford or 
Morris, a hugenetwork of eleotrical maohinery 
which produces parts of the oar and. then 
hmxies them off iqrth'vtdth to the next 
operation; theie a fttcither process, Uhewise 
controlled or performed by deotrioii^', trans- 
forms these components into the desired form, 
and eleotrioal mabhhiery aids their aesethbly . 

Owing to the fact that it is the oOminerohil 


side of life that receives most puhlio atten- 
tion, any development therein is soon 
appraised for its true worth; whereas other 
processes, of far greater magnitude, go 
unmarked by the many. For instance, the 
wonderM process of securing copper or 
aluminiiun of practically one hundred per 
cent, purity by means of elfeotrolsrsis, with 
currents of hundreds of thousands of amperes, 
is marked by the few; but the fact that a 
trunk call can now be put through from 
Britain to another country on the other 
side of the world, withm say, half an hour, 
calls forth much comment. 

Piogress in commerce has depended for 
some time updn the parallel progress of 
electrioal oommunication. From the time 
when the first telegraphic message ^i;as 
laboriously sent out and successfully reoei?'e<^ 
a feiv miles away until to-day, the adopra^, 
and rapidity of communication hav^ 
progressed. The manual opers^toi* 
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in Morse code has given place to the auto- 
matic sender and receiver, whose rate of 
working is ten times that of the average 
manual operating speed. We now have the 
automatic sender giving place to the tele- 
printer, by means of which a typist at one 
end of a line, or wireless link, can type out 
the message that will thereby be imme^ately 
typed out by a similar machine at the other 
end. 

Even the transatlantic cables are becoming 
too slow for the modern business man. He 
now calls up his telephone exchange and 
asks for the number he requires in any other 
country — say. New York, Buenos Aires or 
Gape Town, In a short space of time the 
connections are made and his voice is flashed 
across oceans and deserts and jungles by 
the wireless beam links that span the world. 
Special “chopping” methods are employed 
that distort bis speech for privacy and then, 
at the receiving stations, it is reassembled 
again into proper order and his hearer can 
easily recognize the voice he may know so 
well. 

SaUs Organizations 

In the task of adequately administering a 
business house of any considerable magni- 
tude it is essential that costs should bo 


accurately known. Yet the multifarious 
nature of the tasks performed by separate 
sections of factories and commercial organi- 
zations make? manual costing on a large 
scale well-nigh impossible and, in any event, 
too slow. Electricity, however, makes light 
of the taslis. With electrically-operated 
adding machines it is possible for work to be 
checked and the most intricate problems 
solved with a speed and accuracy quite im- 
possible by human agency. Consequently, 
sales offices, cost offices and banlcs, in 
enormously increasing numbers, are able to 
utilize these aids to efficiency. They have 
become a real necessity owing to the increase 
in business that has to be handled as time 
goes on. Thus, electricity is called in to aid 
in keeping pace with the growth of business 
that it has itself initiated. 

Tie Magic of X-rays 

Industry, commerce and the science of heal- 
ing, as well as purely scientific investigation, 
meet upon common ground in the use of 
X-rays. All utilize extensively the properties 
possessed by the radiations so named, which 
have many applications. Industry maintains 
large X-ray plants to aid it in better manu- 
facturing procedure. For example, electric 
welding is now a standard method of joining 
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steel and other metals 
together in fashioning 
structures, boilers, 
ships, water-tanks and 
the like. It is highly 
important, however, 
that the work of the 
welders should he 
checked up for flaws 
and badly-made j oints. 

Since it is often im- 
possible to examine the 
welds by viewing, X- 
rays are applied to 
them. The rays, in 
penetrating the metal, 
may be made to affect 
photographic plates 
upon which will appear 
an accurate picture of 
the whole of the inside 
of the joint. Thus it 
can be seen if any 
blow-holes or other 
faults have been left 
that would weaken 
the structure. 

Customs officers use 
the rays to detect 
smuggled goods. 

Scientists use them in 
chemical analysis, to 
e^samine the structure of atoms, and to de- 
termine the best materials for mdustry to 
lise in its many branches. The penetrative 
power of the rays is such ihat only lead will 
offer a serious obstacle to their path, so that 
aU other metals can be satifffaotmily ex- 
amined by their means. 

The application of these wonderful rays to 
medtcal praotioe is well known. Tijaotures 
of the fimbs, mowths and iatemaJ. mal- 
adjustments of many varjeties are all 
revealed. Thousands of people owe their 
hves to the ability with which internal 

14*— w 


troubles may be analysed by the aid of X-ray 
photographs; without such an exmnination 
the knife mi^t have had to he resorted to 
in the hope ihat the trouble would be found. 
Our large hospitals are now equipped with 
huge X-ray departments. 

Previously, the work of handling and 
operating X-ray plant was attended by 
seripua danger. Many pioneers lost their 
Hves, their sight or the use of their linihs 
in working or experimenting with im 
apparatus. Now, however, the dah^B^^^ 
well tmderstood, and protective 
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are fitted to all the latest apparatus that 
make them safe in all circumstances.' 

Of all the -wonderful developments that 
have occurred in the past decade, through 
the utilization of electricity, none stands out 
more than the gro-wth of the automatic 
telephone. The old days of calls to wrong 
numbers, and delays in making contact, 
end with the erection and putting into ser- 
vice of an automatic telephone exchange. 


Courtesy of Sehall &• Sou, LIU, 

The services rendered to medical science by X-rays are 
incalculable and aU great hospitals now have their 
departments lor -this electrical wonder. Here is one at 
the Children’s Kospltsl, Belfast^ Note the heavy insula- 
tion of the high-voltage conductors to the apparatus. 
The X-ray photograph of a broken and dislocated wrist 
Ue/t) is a typical example of the excellence of this form 
of X-ray application 
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Thereafter, wrong numbers are the sole con- 
cern of the subscriber himself, whilst with 
almost human sagacity, the apparatus in- 
forms him that ho is correctly connected to 
the exchange, that his number is being called, 
or is engaged, or that he must wait a while 
for a vacant line. 

Nor is the development of this latest 
wonder of electrical science any less remark- 
able than its performance The notion 
began with a collar-box and a few pins, for 
in this way Strowger, its inventor, first 


operations are performed so rapidly that no 
sub.scriber can dial too fast for the apparatu.s 
uhich, into the bargain charges the calls so 
made against his account. 

From small beginnings, the automatic 
exchange is fast reaching out bcjmnd towns 
to mclude trunk calls across counties, and 
soon will hide continent with continent, by 
wireless beam inter-country oommunioation. 
The marvels have long become stranger 
than fiction — more wonderful and yet so 
simple in operation — far it is a general 
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An orderly mase of Intricate electrical wiring— part of the interior of an automatic telephone exchange ahowtng the 
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worked out his idea of number selection, 
upon which all modern complicated ex- 
changes work. Now, when a subscriber 
makes a cad], the apparatus itself tests its 
own lines to see that the call can be success- 
fully made, directs the call to its proper 
exchange according to the working of the 
now familiar dial, and then selects from 
the myriad lines the exact connection 
required of it, by the number of impulses 
sent along the line as the subscriber twirls 
his Aumbered and lettered wheel. AH these 


axiom that the best electrical apparatus is 
always simplest in construction. 

The motive power of the automatic tele- 
phone exchange is the acomnulator. It is 
necessary that absolutely pure direct current, 
ripple-free to the «th degree, should bo used 
for this service. Accordingly, the aoouimi. 
lator ia used. Two fifty-volt batteries art 
utilized, one working whilst the is 

being charged; hut they are very 
from fifty-volt batteries as normatoi-idw^ 
stood. Each two-volt cell qr 
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up to two tons and its capacity may be 
10,000 ampere hours. Yet, when working 
a normal London, automatic exchange it 
lasts only for eight hours on one discharge. 

Ho» the Automatic Selector Vlorks 

When a subscriber lifts his telephone for 
the purpose of making a call on an automatic 
exchange, the following train of events 
ocours. He first hoars a low tone in ^ the 
receiver, that tells him he is oorreotly joined 
to tho exchange, and also that his line is 
in order. Now, when he dials the letter 


code of the exchange he wishes to call, 
impulses of current pass down the line to his 
own exchange, corresponding in number 
and position to the letters on the dial at 
whioh he stops on each round. These 
impulses operate what is called a director, 
which selects from a network of one hundred 
wires the exchange line corresponding to his 
dialling. These three “numbers” — ^for it is 
the numerioal position that really matters 
here — Bearve th^ propose so fax and then 
the diteotor outs ttself out of oirouit, to be 
ready to join any other subsoriber to any 
other exchange. 

Now that out subsoriber has been con- 
nected to the required distant exchange, he 
proceeds to dial iJie number of his oaE, 
whioh is of four figures. Each figure that 
he dials causes a group of short deotlioal 


impulses corresponding to the dialled number 
to 1)0 transmitted along tho lino to a soleotor, 
This selector picks out the thousands, the 
hundreds, tho tons and then tho digits, in 
hundred-line groups of the network, finally 
to close tho line from caller to called and to 
ring tho bell of tho distant subscriber so 
called. Tho soloctor then cuts itself out 
of circuit and becomes available, like the 
dirootor, for other soryico. Only tho re- 
placement of tho receiver of the calling 
subscriber can disoonneot tho linos thus 
joined, so tho control of the lino is vested 
completely in the call- 
ing subscriber. 

if, for sorao reason, 
a fault should develop 
in tho lino, the oirouits 
themselves automati- 
cally light lamps to 
signal to the attendant 
onginoors just where 
tho fault lies. Thus 
tho apparatus works 
itsolf and indioates its 
own difficulties and 
troubles without out- 
side aid. 

Although the en- 
gineers responsible for 
dovoloping such max- 
volloumy efficient ap- 
paratus to lighten the 
labours of all engaged 
in industry and com- 
meroe have done os 
much, too, for domes- 
tic appliances, the 
homo use of ele^ioity 
lags oonsidorably be- 
hind the industrial. Nevertheless, tho growth 
still continues. More and more elootrloally 
equipped houses axe being built or converted, 
and few persons would desire to return to 
older methods after oxperionolng the pleasure 
of living in a house properly equipped for 
eleotrical service. 

Electrical heating is a groat boon: we 
walk into a oold room and turn on a switch. 
Tn about ton seconds the heater wires axe 
glowing red hot and the roflootor is radiating 
heat across the room. Then, when wo leave 
the room, another touch of tho switch stops 
the &e from working and eloctrloity silenwy 
awaits its future call, once again to leap 
into service. There is no dust, no fume 
and no smell. Whenever we want it, what- 
ever tho quantity we need, eleotrioity is 
always there— the touch of a switch is all 
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modern flats. Flood-Ughtlng Is one of the mote recent uses of electric power which 
has been employed to great advantage for oommerclel purposes. (5se oUo Uluttration* 
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that is required. We use it so long only 
as we desire and need its warmth-giving 
service. 

Another use of the incandescent wire 
that never burns away is in cooking our 
food. Let us now examine electrical cooking 
methods. We have a cooker that is almost 
air-tight, from which little heat can escape. 
The food is cooked both 


of light directed where we most need it. 
There is no question of groping for matches, 
of leaving lights on when we go out, for the 
purpose of preventing difficulties upon our 
return. Wo can even change the colour 
of the light at will; we can have a precise 
simulation of daylight if wc wish, or the 
warm orange glow of sunset 


by radiant and convected 
heat. We have only to 
find out how long our 
dinner should stay in the 
oven — the makers have al- 
ready gone to the trouble 
to do that for us — and 
turn on the switches as 
directed for that particular 
dish. At the appointed 
time we take out our 
food ready for the table 
With a similar dish, the 
following week, or next 
year, the same operation 
will produce exactly the 
same results. 

Coming now to another 
domestic use, we can heat 
our water electrically and 
automatically. The auto- 
matic control permits 
current to flow only when 
the water drops in tem- 
perature. Hot water is 
stored m a heat-insulated 
tank and all we have to 
do is to turn on a tap. 
Home laundering is simpli- 
fied beyond recogmtion 
if we make due use of 
electrical appliances. The 
smoothing-iron can get 
only so hot and no hotter. 
We may even have this 
appliance fitted with auto- 
matic heat control, to pre- 
vent scorching the clothes 
and to take into account 
the dffiering nature of the 
materials that are being 



IncreasInA use is being made of electricity for domestic purposes and where 
cleanliness, compactness and esse of operation are of paramount Importance, 
It makes a powerful appeal to the housewife. Here Is an aU-electtic kitchens 
note the washer, radiator, kettle, cooker end refrigerator 


ironed. 

If instead of a bathful we need on^ a 
kettleful of hot water, our electric kettle will 
boil It in a few minutes; and should it boil 
dry or should we forget to fill it up before 
switching on, the automatic cut-out will open 
the circuit and discoimeot the appliance. 

Nor must we forget artificial lighti^. 
Here we can have the quantity and quality 


In certain aspects of farming and stock- 
keeping electricity is an invaluable aid. 
Thus in large-scale poultry-keeping it has 
worked a great ohango- Hens go off lay- 
ing in the winter time, largely owing 
cold weather and the' shorter horns of day- 
light. By means of electrical li^tintf 
wanning equipment in the 
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to the critical temperature. 
This cooling is moat efficiently 
and easily regulated by means 
of electrically driven refriger- 
ators which are self regulating 
asregardstho degree of coldness 
they produce. 

Electrical equipment plays a 
large part in the dairy. Milldng, 
milk preservation and cowsh^ 
work, butter and cheese making 
are now carried out with a 
degree of cleanliness possible 
only when electricity is the 
motive power of the apparatus 
employed. It would be quite 
impossible to milk huge herds 
of cows by hand, for the work 
would never be completed in 
time; here electrically operated 
milking machines step into the 
breach, with their ability to 
sustain perfect and delicate 
control. 

Even vegetable growing 
comes under electrical induence 
where the production of early 
crops is needed. By electrically 
heating his soil the grower can 

Courtesy of the Cetilral Elect/ letty Boar4 
Both the farmer and the poultry-keeper 
can profttably enjpy the benefits of 
electricity In their huelness— an electric 
Incahetor with Its cheertnl complsment 


the hens live a more 
annually unitorm life, 
are healthier and 
produce that extra 
modicum of eggs which 
is required to keep 
poultry farmmg on a 
business basis. 

But for electricity 
there could iiarclly 
exist vast milk dis- 
tribution schemes such 
as we now have. Suc- 
cessful pasteurization 
of the milk depends 
largely upon the ability 
to keep it cool both be- 
fore and after heating 

Courhsy of the Cenir^l Elfctricii^ 
hoard 

The preservation of hygienic 
conditions on the dairy form 
has been made very much 
easier by the introduction of 
electrical equipment ^-milking 
machines in on electrically lit 
cow-house 
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Courtisy of Lotuhn Trttntpod 


Xondon** a^tenalve system of undergroiuid electric railways operates so efflcieotly that little tbougbt is diven to the 
wonderfol way in wiiicb it is worlced^ Hera is the remote controlled rectifier snb-station at Wood Green whence power 

is distributed to the corresponding section of track 


be independent of many weather vagari^ 
and thus seonre adequate return for his 
outlay. Soil heating of this nature is suc- 
oessfully carried out in garden frames, in 
glasshouses generally, and also in the open. 

Usually the heating of glasshouses is 
carried out by some method of hot-air dis- 
tribution, but this system avoids the basic 
principle that it is at the roots of the plants 
that the heat is required. Soil is, however, 
a bad heat conductor, so that the applica- 
tion of hot air from above is wasteful of 
energy; artificial manure is needed as much 
for heat as for the nitrogenous products 
conducive to plant gro^rth. Electrical 
heating of the soil should thus produce 
economies in manure usage. 

Traction and Transport 

Some electrical developments cover both 
industry and commerce. One of these is 
coimeoted with travel. Within the last 
thirty years we have seen the passing of the 
horse bus and the growing challenge to the 


steam train. Electric trains are speedy, 
comfortable and reliable; electric trams and 
trolley buses convey our millions to and 
from then work with an ^ciency that is 
entirely unapproachable by other means. 

The horse-drawn delivery vehicle is dis- 
appearing from the streets of towns. It is 
true that the petrol vehicle ousted it, but 
the latter in turn is challenged by the elec- 
trically driven delivery van. Bakers, milk 
roundmen and the like find the electric 
truck more rifioient and less costly in running 
than the petrol vehicle, whilst public authori- 
ties all over tiie country use electrio vehicles 
for refuse collection. Electric vehicles draw 
their supply of current firom a battery of 
accumulators which they carry. When the 
vehicles return to the garage at night, the 
batteries are thereupon put “on charge.” 
Automatically regulated plant ensures thSiftiE 
the batteries will be fuHy charged by the ne^ 
morning, without thd need for 8npestsi^&(. 
during ^e night. 

The electric train, in l^e 
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The Electric Railway 




CqitrtMj of Sttbi Fedtral Satlaayt 


Lacking natural coal rosourcaa, $w|taerlaod has actiyely developed bar abundant 
water power for the production of electricity Almost the entire railway system 
of tbe country is now electrically operated end some of the most powerful loco- 
motives In the world run over it No. 11851, here lUustrated, Is one of the latest 
types It Is articulated, has a length of 111 feet, and la Btted with 16 motors 
totalling 8,S00 h.p. The driving cab (bottom) Is an admirable example of clean 
design. (Son aUo lllvtttation. Chapter IXVIH) 


Underground system, has 
been with us for years — 
long enough to become 
commonplace — but the 
application of electrical 
traction to main line and 
surburban traffic is recent. 
The efficiency with which 
such systems can run is 
clearly seen on the Southern 
Railway where the lines 
have now been electrified 
right down to the coast. 
About a quarter of an hour 
has been taken off the 
train time between London 
and Brighton as a result of 
substitutmg electric trams 
for steam. Li general, owing 
to the increased efficiency 
of the eleotnc system, three 
trains may now run with 
safety over the same rail 
track durmg the same time 
mterval that previously 
was allotted to one steam 
train. 

No doubt further track 
mileage over longer spans 
will soon be electrified, and 
the time should not be far 
ahead when even long-dis- 
tance trains will be elec- 
tnoally propelled. 

In other parts of the 
world eleotirio traction has 
also been widely developed 
and in certain countries, as 
for example Switzerland, 
the railway systems are 
gradually being converted 
exidusively to electncity. 
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Ever-bubbling Asphalt 



CHAPTER XXVn 

LAKES OF PITCH AND SEAS OF SALT 


TT is not often that Earth spreads the 

treasures of her storehouse at the feet of 
Man. To find silver he must usually delve 
deeply. Gold and diamonds are hidden in 
desolate places; oil and coal lie stored in 
the very bowels of the earth. Yet hero and 
there Earth exposes her riches. The groat 
lakes of pitch and the seas of valuable salts 
lie open for utilization by Man. 

LaMas of Bubbling Pitch 

By far the largest and certainly the best- 
known pitch-lake in the world is that on the 
British island of Trinidad in the West Indies. 
This brown-blaok lake is of relatively pure 
asphalt or bitumen, and geologists say that 
it owes its ezistence to volcanic disturbances. 
The rocks in this region are oil-bearing sands 
and days. Long ages ago the oil fi:om these 
sands seeped in tremendous quantities into a 
mud volcano where the lake now lies. Gas, 
oil, sand and day churned and bubbled 
together for thousands of years. As the lake 
became older the movement became less and 
less until the present compMatively quies- 
cent stage was reached. There was left a 
thorougldy mixed substanoe consisting of 
asphalt, colloidal clay and fine silica. With 
the gradual cooHng the asphalt hardened. 
Here and there large pieces of clay and sand 
apparently floating in the lake have the 
appearance of islands, since they support 
grass and other small plants. 

Although apparently quiescent, the lake 
nevertheless is in a state of complex motion 
which gradually obliterates footorints and 
any holes that are dug in the sur^e. Near 


the centre the pitch is always liquid, and can 
be seen slowly bubbling up. In the daily 
digging operations, however, the men work 
at the same hole day after day and yet it 
never gets any deeper than some two feet, 
^is is due to the upward thrust of the pitch 
in the pit bottom, caused by side pressure 
which balances the digging rate. If the 
digging is stopped for two or three days the 
pit bottom rises to the level of the lake 
surface, but the sides do not move. 

A curious instance of these imceasing 
movements occurred in 1928. A tree trunk 
began to push its way in a perfectly upright 
position through the surface. When six feet 
of the trunk was showing, workmen, sawed it 
off to secure the log. .Mter sawing, the tree 
still continued to rise for a further ten feet 
and remained stationary for a few days. It 
then gradually tilted,, and when almost 
horizontal with the surface, began to sink 
again until within a few days it h ad completely 
disappeared. So far it has never again been 
seen. Experts who examined the sawn-ofiF 
log estimated that the tree had been buried 
in the lake 4,000 to 5,000 years. 

Wonders of the Trinidad Lake 

The Trinidad Lake is about 126 feet above 
sea-level and lies three-quarters of a mile 
from the seaside village of La Brea. In area 
it is variously estimated at lOO to 127 acres. 
It is only within the last few years that an 
accurate calculation has been made of thb 
depth of the asphalt deposits of Ttinidafli 
In 1860, investigators believed ^h^sel ^ 
extend to a depth of twenty feet* 


Depth of the Asphalt Lake 
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Discovefy of the Lake 


they hesitatingly conceded a further ton feet 
as possible. Borings taken in 1920, how ever, 
showed a depth of 1 ."iO feet, and oven then a 
rock or earth bottom was not reached. The 
boring tubes were broken and lost, but re- 
appeared months afterwards m diffei'ont 
pails of the lake 

A few years later another attempt was 
made, using a three-inch iron pipe into which 
M’’as inserted a one-inch steam line. This 
boring was successful and established the 
maximum depth of the lake to be 286 feet. 
At each fifty feet a test for composition and 
quality of the asphalt was made, and m 
every case the samples were identical with 
the surface material removed durmg the past 
years 

The asphalt wells up in low bulging masses 
which are separated from one another by 
narrow channels in which rain pools lie. 
Even if this undulating contour is disturbed 
by digging, within a few days the surface of 
the lake resumes its old familiar shape. The 
road from the lake to the village of La Brea 
runs over a bed of asphalt and is slowly but 
persistently moving towards the sea, some- 
what like a glacier. 

The earliest record of this unusual deposit in 


Trinidad comes from the diary of Sir Walter 
Raleigh, who visited the island in 1 593. He 
wrote: “From thence I rowed to another 
part, called by the naturals ‘ Piche ’ and by the 
Spaniards ‘Tierrade Brea’ . . there is that 
abundance of stone pitch, that all the ships 
of the world may be therewith loden from 
thence, and wee made trial of it m trimming 
our shippes to be most excellent good, and 
meltcth not with the sun as the pitch of 
Norway, and therefore for shippes trading 
the South parts very profitable.” 

Little seems to have been known of the 
lake or much use made of the pitch until the 
19th century. In 1807 Dr. Nugent of the 
Geological Society stated he heard it related 
that “when the Spaniards undertook formerly 
to prepare the pitch for economical purposes, 
and had imprudently put their cauldrons on 
the very lake, they completely sank in the 
course of a night so as to defeat their inten- 
tions." From this it would appear that 
attempts were made to use the asphalt and 
oommercializo the deposit. 

In 1848, Admiral Cochrane, Earl of Dun- 
donald, tried to nse the Trinidad asphalt as 
fuel for his coal-burning flagship. He mixed 
it with coal in the proportion of two parts of 



Tli« aurfAce ot tfie natural lake otpitcb at Trinidad in the Weat Indiaa. Eatlmetea give Ita area oa 

dAphiat?$B||!eai The asphaltreenary la seen in l^e baefc^reund 
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DifBculties of Digging 



Courtesy of Trsnutad Lake AsphaU [Overseas) Ltd, 

CSrude asphalt la duS (rom the Trinidad Lake, In blocka welahing about 85 Ib. each, by native labonrers who transport 
the heavy toads on their heads. A Htht ralfway carries the aspbalt to the charging stills at the refinery 


asphalt to one of ooal and claimed that the 
ei^eriinent was a success. Certainly he 
made valiant efforts to shqw the British 
Gkrvernment what a neglected treasure lay 
in the Trinidad pitch lake. This is the 
same Cochrane who is said to have prepared 
plans for gas warfare, using sulphurous fumes 
for the purpose. He took out several patents 
to use pitch for coating and insulating wire, for 
improving pipe junctures, for construction of 
drains, watOTways, reservoirs and for making 
pillars, pedestals and ornamental objects. 

To-day the Trinidad asphalt lake, although 
the property of the British Crown, is con- 
trolled by a British company and worked by 
an American concern. The exported asphalt 
is distributed by both British and American 
companies. Whereas in 1867 the quantity of 
asphalt shipped from Trinidad was 1 ,800 tons, 
the amount now taken from the lake each 
year is 200,000 tons or more. 

The asphalt is removed by labourers using 
pickaxes. This has so far been found the 
most efScient method owing to the nature 
of the material and the low cost of labour. 
Each shift of some 220 to 260 men is divided 
into gangs comprising one digger and five 
loaders. Each gang has its own place along 


the narrow twenty-four-inch rail-track with 
its string of cars for hauling the asphalt to 
the reifinery. The loaders are often called 
“headers” because they carry on their heads 
the asphalt lumps, which often weigh up to 
100 pounds. Unless there is need of rush 
work to complete loading a vessel, digging 
is not carried on after midday, owing to the 
heat of the sun and the consequent strong 
odour of the asphalt. One big diflSculty 
arises with regard to the rail-tracks, for the 
lake is continually moving and the tracks 
have to be relaid every day. 

How Asphalt U Refined 

As dug from the lake the asphalt is an 
extremely uniform mixture of gas, water, 
mineral matter and bitumen. Comparing 
it with other natural asphalt deposits, the 
Trinidad material shows a very regular 
bitumen content. The natural form of the 
materials composing the asphalt is more or 
less an “emulsion,” and it has to be refined 
before being of commercial value. 

In the adjoining refinery plaht, hi^ 
pressure steam is forced through the 
to melt it. The black molten maaa 
through a fine screen and is 
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barrels for export. When the asphalt arrives 
at its destination it must first he fluxed or 
softened by mixing into it a proportion of 
residual petroleum. The resultant mixture 
is known as an asphaltic cement, of which 
there are various grades. 

The asphalt from Ih-inidad Lake is of such 
a uniform character that it is used for road 
surfacing in all the main countries of the 
world. It has been estimated tliat a surface 
area equivalent to that of a road over twenty 
feet wide and extending entirely round the 


than synthetic asphalt. Singapore, Tokio, 
Durban, Bombay, Cairo, Dunedin, N.Z., 
Washington, and London all have some of 
their more important thoroughfares overlaid 
with the black Trinidad “pitch.” 

A few miles from South Trinidad across 
the Bay of Paria lies Venezuela, a veritable 
treasure house of the world. The eastern 
regions of this republic, especially the delta 
of the River Orinoco, contain many asphalt 
deposits. Some adjoin oil districts, but are 
very small and not yet worked, whilst others 



EM A. 

SlmUar In appearance to the Trinidad Lake, tlie one at Bermudea In Veneauela, la more extenalve but not so deep. The 
vegetation has been largely cleared from the lake to render the asphalt accessible 


world had been constructed with Trinidad 
asphalt by 1927. This is quite apart from 
its other uses, which have been increasing of 
recent years. Roofing sheets, damp-courses, 
floorings, anti-acid tarming, pipe-coverings and 
joint fillings are some of the other tilings made 
fromready-made pitch that Nates presents to 
Man in an apparently inexhaustiblo supply. 

Trinidad asphalt has been found to stand 
great extremes of climate. Por nearly half 
a century it has withstood the cold of the 
Arotio North and the heat of the Tropics ; it 
stands up to the destructive action of traffic 
and has in the main proved more durable 


are of definite commercial value. Most 
famous of the Venezuelan pitch pools or 
lakes is the Bermudez Lake in the eastern 
state of Monegas. The lako is much more 
extensive than that in Trinidad, and was for 
many years believed to be a richer deposit. 
Careful boring, however, showed that though 
it was more extensive it was much shallower. 
The asphalt from Bermudez is much softer 
than Trinidad pitch, because it contains less 
mineral matter. The lake is worked by an 
American company, which ships the asphalt 
to Trinidad and thence to various other 
countries. 


Slime Fits of Siddim 
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The Dead Sea 


On the Venezuelan coast almost opposite 
Trinidad is a small town called Pedernales 
Here, even on the seashore, great lumps of 
asphalt lie embedded in the black mud that 
serves as a beach. Along the main street, 
which has not been metalled, it is difficult to 
distinguish between dirty pools and the black 
patches of natural asphalt. At Pedernales, 
before the Great War, a German company 
erected an asphalt and oil refinery, but it did 
not prove a commer- 
cial success. Vene- 
zuela has long been 
known as a source of 
asphalt, and there are 
indications of the ex- 
istence of petroleum, 
the parent mineral, ail 
over the northern and 
western states. 

Colorado, one of the 
west central States of 
Ameiicajisimmensely 
rich in mmerals. It 
has enormous fields of 
bitummoua coal and 
near them both petro- 
leum and asphalt arc 
found in lesser quanti- 
ties. Some of the 
asphalt weUs up into 
small pools and, like 
the asphalt of Trini- 
dad, is easy to dig. 

Although bitumen 
in its various forms is 
to be found in almost 
all parts of the world, 
it IB only here and 
therethatit is so easily 
accessible for com- 
mercial use as in the 
pitch lakes. More commonly it is found im- 
pregnating some porous rocks like limestone 
In Dalmatia, the Adriatic coastal province of 
Yugoslavia, the limestone is so bituminous 
that it can be cut like hard butter. Walls of 
houses in the vicinity are built of these slabs 
and then set on fire. The bitumen bums 
out, leaving walls of clean white limestone 
The roof is then put on and the house 
completed. 

Bitumen — ^the name was given to the black 
mineral by the Romans — has been known 
and used for thousands of years. The ancimit 
Egyptians employed it for embalming their 
dead, and the "slime” with which the ark 
of bulrushes that hid the infant Moses was 
daubed was pitch or bitumen. This "slime” 


of the ancients came mostly from the 
“slime pits of Siddim,” in the region of the 
Dead Sea Even to-day pieces of asphalt 
float occasionally to the shore and are 
collected by the local inhabitants for a 
protection against worms and grubs in the 
vineyards. 

Seas of Salt 

The waters of the Dead Sea in Palestine are 
the richest source of 
easily -accessible 
natural salts in the 
world. Ordinary 
ocean water has a 
salinity of 4 per cent, 
to 6 per cent , but the 
Dead Sea contains 23 
to 25 per cent, of salts. 
No fish or other living 
thing can eke out 
an existence in its 
waters. 

Yet in ages long 
past the Dead Sea 
abounded in fish and 
plant life, for it was 
then a part of the 
Mediterranean. 
Iiater, an extensive 
volcanic upheaval of 
the sea-bed caused the 
formation of the Gil- 
boa and the liebanon 
mountains, thus pat- 
ting a land barrier 
between the Medi- 
terranean and its arm, 
the Dead Sea. At the 
same tune a fracture 
of the rocks caused 
the River Jordan - 
Dead Sea depression to open from north to 
south. The waters of the Jordan and its 
tributaries, seeking the lowest level, poured 
southwards into the low-lying Dead Sea. 

At one time, during a period of great 
floods and rains, this salt, inland sea extended 
its shores far beyond their present limits. 
The surface rose to a height well above that 
of the Mediterranean and some 1,400 feet 
above its present level. Along the margin 
of that eluded sea axe still to be found 
remains of its fauna. A dry period followed 
and the fresh water corniug in from the Jardan 
river did not balance the amount of watelr 
lost each year by evaporation, 
foUowing centuries the Dead Sea 
shrank. Thus there was lefr 
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South of Moiul in Iraq are numerous hltuxninous wells 
which are worked commercially*^ bltnmea storage pool 
at Gayara 


Shrinkiiig of the Dead Sea 
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Water from the Jordan 


widening ‘‘shore” whore lie deposits of marl, 
clay and various useful salts. Only the 
hardiest of grasses and salt-plants are to be 
found on these desolate expanses. 

Two features of the Dead Sea have 
developed since it began to shriiik. One is 


or less stable condition, it lost enormous 
quantities of water ; for to-day the Doad Sea 
lies 1,300 feet below the level of the Modi- 
terranean and is the lowest sheet of water 
on the earth’s surface. 

The Doad Sea is forty-seven miles long 
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a peninsula, the Lison or Tongue, 
which projects from the eastern 
shore; and the other the Jebel 
Usdum, a hill on the south-west 
shore. Both were caused by an 
upheaval of the floor of the sea. 
Immediately to the north of the 
Lison, the water is at its greatest 
depth — 1,310 feet. To the south 
of the peninsula it varies from 
three to thirty feet deep. 

In recent times certain observers 
have stated that this strange salt 
sea is almost stable, having a few 
centuries ago reached a balance 
between evaporation and inconung 
water supply. On the other hand , 
a survey in 1883-84 showed that 
the level of the water had risen 
nearly twenty feet; while by 1900 
it h^ risen a further six to eight 
feet. Other observers believe these 
risings were temporary and state 
that the mean level over many 
years is now constant. The rise 
in level is mainly accounted for 
by the gradual but constant carry- 
ing down of silt by the Jordan 
— silt whioh is deposited in the 
river’s delta and on the sea-hed. 





Phoio AMtruMn Cohmy, Jtnualm 


On the aoutb-west sbores of tbe Dead Sea atanda Jebel Usdum — a 
remarlcatile hill ot rock-salt from wblcb \tanderlnS tribes have 
for centuries coUected salt. The view (top) taken from Mt. Mebo 
(2,643 ft.) shows the Dead Stsa on the left with the mountains of Judea 
In the background, (dee alto itluitraHon, Chapter XIII) 


Another noteworthy point is that the climate 
around the salt sea is becoming more moist 
and the rainfall is conaequently higher, thus 
bnnging a further supply of fresh wftter to 
the Dead Sea. 

Before this inland sea reached its more 


and about ten mfles broad at its widest part. 
Its average depth is 1,080 feet. The surface 
level varies to the extent of about twelve feet, 
according to the seasons. In winter, small 
torrents from the hills in the east and west 
odd flbeic contribution to the stea4y flow of 


A Sea of Vivid Blue 
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Value of ‘Dead Sea Minerals 


the Jordan. In summer, the majority of them 
are dry and only Jordan pours in its steady 
6,000,000 tons of comparatively fresh water 
daily. This heavy inflow is carried off by 
solar evaporation, the vapour forming fairy- 
liko clouds which float leisurely over the sur- 
face of the waters. • 

In spite of its name, which suggests 
desolation, nothing could be more beautifiil 
than this sea of vivid blue. The varied 
effects of light upon it, the grandeur of the 


corner, on the lower reaches of perennial 
streams that are now lost under the waters 
of the Dead Sea. This same expedition 
reported on the excellence of the atmosphere 
during the period of their investigations. It 
was suggested that with proper imgation the 
arid land could be made into great tropical 
gardens or oases, each perhaps 10,000 acres 
in extent. The establishment of a motor- 
boat route, and a good motor road to Jerusa- 
lem and the coast, it was thought, would soon 



Sunset over the lowest ses In the wotU. Despite Its depressing name, the Dead Sea Is far from 1>^4 «“ utter dmolaUra, 
Tbe filing VBpoiiro rnTiH«1 by •vAporatlon^-^'wblcb float abova ita 'waters are often rasponBible for niOBt oaauulii] 

llflht affects 


deep gorges and the filmy vapour douds 
which hang over the waters like a veil make 
it one of the world’s beauty spots. 

It was not always known by its present 
dismal name. The Israelites called it "the 
Salt Sea,” “Sea of Arabah” and the "Eastern 
Sea ” ; the Arabs knew it as the " Sea of Zoar,” 
the“StinkmgSea”aaidthe“SeaofLot.” To 
Josephus, the Jewish historian, it was the 
“Asphalt Sea” or the “Sodomitish Sea.” It 
was the Greeks who first called it theDead Sea. 

Quest for Lost Cities of the Salty Plain 

The quest for the lost dties of the Plain 
has often been pursued. An expedition in 
19^ returned convinced that Sodom, Gomor- 
rah and Zoar had stood in the south-east 


attract many to a new health resort with 
such glorious scenery. 

But apart from such attractive suggestions, 
the Dead Sea itself is arousiag great iaterest 
in the minds of civil engineers and company 
promoters. For the value in potash and 
other important salts available in the Dead 
Sea is veritably enormous. One litre of this 
intensely salt water taken at a depth of 120 
metres contains 24’ 6 per cent, of solid matter, 
mainly minerals. Under analysis tMs mineral 
content has been found to have the foUowiDg 
proportional composition; 

Per P^ 


Chlorine . 67’86 
Magnesium 16-81 
Sodium , 10-20 


Bromine 

Potassium 

Calcium 
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Besides these there are also traces of sulphate, 
carbonate and silica. 

The magnesium," sodium, calcium and 
potassium are present as chlorides. The 
soluble chloride of magnesium gives the water 
a nauseous taste, and the chloride of calcium 
gives a smooth oiliness to the liquid. Such 
water is naturally very dense, and a man 
swimming in it is so buoyed up that his 
shoulders are out of the water all the time. 
To walk in it is difidoult enough, since as soon 
as the water comes up to his armpits, the 
bather is floated off his feet. Unless he dries 


invited applications for the rights to develop 
the mineral resources of this strange lake, and 
many interesting investigations have resulted. 

A year or two ago M. Pierre GandiUon, a 
French engineer, put forward a remarkable 
scheme which received much support from 
other' eminent engineers. This scheme, or 
some modification of it, will most likely be 
ultimately used for the full development of 
the Bead Sea resources. M. Gandillon’s plan 
was to utilize the sun’s heat to evaporate out 
the water of the sea and so cheaply to recover 
its salts. For eight months of each year the 



» » * * ' ' ' ’ ^ 1 * * 


Phttoi American Colony, Jerusalem 


Where the Blver Jprclaa flows Into the Red Sea, An efeeiew nhowtpg the wide snit evBporadng pans near tbo rlyer ' 

banks and the ^onptdna of Moab Jn the distance 


vi^y carefully he will find himself coated, 
too, vnth siaokiness deposited 

on his ^in by ^e salts in the water. The 
sodium chloride or common salt content 
crystallizieB out as the water in the Dead Sea 
evnporates, and is easily coUeoted. l^oihdds 
for centuries have gathered salt froni the 
region of the hill of Jeljel Usduna. 

, All salt recovered at the prespat ^y is 
handled by a goverpm^t inpnopoly. - But 
the government of, ^alestfiie ■ reah^ that 
much more cou^. he ma^e froxn, thO cpin^ -■ 
mm^oial exploitaiiidn :;o£ temany’'ot&^ 

of the Dead Set,. ;Teh ;^6ars- 


sun’s heat would he sufficient for such 
evaporation. But the waters of the Jordan 
would have to be preypted from entering 
the Dead Sea, ffid somih tnethod adopted to 
kpp the Dead Sea depression naturally filled 
with salt water. The proposal was to sub- 
stitute for the fresher vmter of the Jordan 
; the salt water, of the Uediterranean. This 
would be quite )|<^hle, for the Mediterranean 
hp , l,fi0p |eet;i^her than the iDeffi Sea. 
;pf6 'hohden^.ait^^' cf the Dead Sea water, 
i|hy|the weffij,' increase apd be- 

'W- W»idtihMi|un(J ’ of inpearing,.: 

J^i^uoh greal*ip,./hu%iit':.thaa 


Lake Bonneville 
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Saline Lakes of Utah 


the famous potash mines of Alsace and 
Stassfurt. 

By this arrangement M. Gandillon esti- 
mated that in one second there could ho 
recovered by solar evaporation: 16J tons 
chlorine, 4 tons magnesium, tons sodium, 
^ ton bromine, and ^ ton potassium. He 
proposed to utilize the diverted waters of 
the Jordan to irrigate the surrounding 
parched countsryside. There would be great 
initial difdculties in carrying out such a 
scheme, since the soil for many miles around 
has a strong salt concentration. Even the 
soil as far off as Jericho, some seven miles 
away, has a 10 per cent, salinity. Thus it 
would first be necessary to desalinate the soil 
by successive irrigations before the surface 
layers would be capable of growing crops. 
Electrical energy might be made available 
by the fall of the Memterranean water in its 
descent to the Dead Sea. There would be 
many problems to solve in thus connecting 
the Middle Sea to the Dead Sea, but the 
difficulties need not be insuperable; if the 
returns fi:om the scheme seemed worth while, 
the troubles could be overcome. 

Great Salt Lake, Utah 

Another large body of concentrated salt 
water is the Great Salt Lake of Utah in the 
U.S.A. It is in a low-lying region bounded by 
higher land on all sides, Centuries ago this 
Great Basin, as it is called, was completely 
occupied by a vast sheet of water, 19,000 
Sq[uace iniles in area, known to geologists as 
Lake Boimeville. Seventeen distinct shore 
levels can be traced on the mountainsides, 
showing the irregular shrinkage of the 
Boimeville lake. Great Salt Lake and Lake 
Sevier, some distance to the south but in the 
Basin, are shrunken remnants of this original 
inland sea. The Basin itself is but the bed 
of the earlier lake. The soil here is very 
barren and dry, but when irrigated yields 
excellent crops. 

The eastern side of the Basin is the best 
irrigated, since plenty of water is available 
in the many streams flowing down from the 
Wasatch range. Here and there, on the level 
bed of the Basin, steep isolated mountain 
ranges rise several thousand feet above the 
plain. Streams from them and from the 
Wasatch have no drainage outlet, but flow 
to the lowest levels, leaving dreary mud flats 
in the dry season. In the larger depressions 
water remains all the year round, although 
much is lost by evaporation during the hotter 
months. Such lakes axe saline, and the 
largest of them is Great Salt Lake; during 


the wet season it is some 2,000 square miles 
in extent. One-third of this area, however, 
is lost by evaporation annually. 

Although Great Salt Lake is fed by the 
Bear River on the north, Weber River on the 
north-east, and Jordan River on the south- 
east, its waters are much denser than ordinary 
ocean water. Its average salinity is 17 per 
cent, to 21 per cent., somewhat less than that 
of the Dead Sea water. 

Summers in the Great Basin of Utah are 
usually disagreeably hot, but this heat is 
useful for salt production. The saline waters 
of the Great Salt Lake and other smaller 
lakes in the Basin are allowed to flow into 
great evaporating pans. Such artificial pans 
or pools are extensive in surface area but are 
made shallow, to allow a maximum amount 
of water to be exposed to the sun’s heat. 
As the water evaporates, the salts crystallize 
out and are raked into heaps, aEowed to dry 
for some days and then lifted from the pans. 
A final washiiig and drying is given before the 
salts are saleable. About 86,000 to 90,000 tons, 
mainly of common salt, are produced annuaUy 
in Utah by means of solar evaporation. 

During the Great War, when phosphates 
were greatly needed, large supplies were 
mined from deposits around the Great Salt 
Lake, especially in the Salduro Marsh area. 
Since the war, however, this phosphate 
recovery has stopped, for the mines are 
unprofitable. 

"Where fathers Cannot Sink 

Saltair, a town on the shores of the lake, 
is a popular hoEday resort for the inhabitants 
of Wt Lake CSty, the capital of Utah, some 
fifteen miles to the east. The ooncentotion 
of salt in the water makes swimming a 
pleasure, sinoe it is impossihle for any- 
one to sink. 

South-west of the Oreat Salt Lake is a 
broad fiat stretch known as the Desert. It 
is more arid than any other part of the Basin 
and Ees so low that in spring it is partly 
covered by water. To the south is the salt 
Sevier Lake, fed by Sevier River. During 
the dry season this lake of 188 square miles 
completely evaporates, leaving large deposits 
of impure common salt and sulphide to a 
depth of some five inches. An immense 
irrigation scheme is in course of construction 
to fertilize great areas in the Basin. The 
water of aU Yearns in Utah is public property 
and the State engineer has entire charge (rf 
its distribution. 

Up to 1848 Utah was a Mexican posfffisaff^ 
and had been part of the country 
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A sea olsaltin the New World —the Great Salt Lake, Utah. Seen from the Garfield Beach It Is scarcely one of the world ’s 
beauty spots, but the Great Basin — of which the lake Is a part — Is commercially productive, having an output of 90,000 
tons of salt annually. The rocky Islet (fop) Is characteristic of many in the lake 

by the Spameurds in the 16th century, account they left of this region was vague 

Later, Catholic priests journeyed as far as In 1826, to settle a wager as to the outlet ol 

Sevier Lake, hearing tales from the Indians the Bear River, a man naaned Provost traced 

of a great salt sea fadiher north. But it was the river’s course to the lake. He was 

not until 1811-12 that white men really surprised to find it salt, and concluded that he 

explored the Great Basm, aithou^ the must have peached a long inlet from the sea, 
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Settlement in the Basin did not oome about 
until some years later, when in 1847 the first 
company of Mormons decided to found there 
a permanent home. Agriculture was difficult, 
but irrigation was practised from the 
beginning. It was only when the mineral 
wealth of the country was discovered that 
men came rushing to neglected Utah. Now it 
is one of the greatest metal-producing states 
in America. 

Hotv Salt Pools form in the Desert 

The great desert regions of the world often 
hold salt pools or lakes. Since the rain 
supply is scanty and river water either non- 
existent or negligible in amount, little fresh 
water replenishes these pools. As centuries 
pass, their waters evaporate and the concen- 
trate salts drawn from the surrounding soil 
are left behind. In the Sahara, several such 
salt pools give wandering tribes enough salt 
for trading. In the Gobi Desert many pools 
are bracldsh, some tasting of common salt 
and others of soda. The salt pans of the 
Australian deserts, especially those of the 
west and south, are merely shallow pools 
containing in solution the salts from the soil 
around. Sheets of water in these regions are 
marked on maps, but often thoy are not true 
lakes. The name of one of them. Lake 
Disappointment, tells its Qvm story. 

The province of Buenos Aires, in Argentina, 
has more than 60Q small lakes, most of them 
salt or brackish. Ihe lai^^t sheef pf salt 
wai^ in bhhf part of the wbud fs Mhr Ohiquita 
inUcffdoba. He rivers which fldw into it 
are somewhat saline themselves and, having 
no outlet to the sea, they add to the con* 
centration of the lake. Quite a number of 


salt or brackish streams are to be found in 
Argentina. Their names, Salado and Sala- 
dillo, indicate their character. 

Rook salt is found in many parts of the 
world and is generally believed to have been 
formed by the evaporation of salt inland 
seas such as the Dead Sea. In succeeding 
ages it has been buried and has become rock- 
like under the compression of overlying soils 
and rooks. To make it of commercial value 
it has to be mined, crushed, washed and 
dried. Such beds of salt are found in the 
Punjab of India, at Wieiiozka in Poland, in 
England, Saxony and the U.S.A. 

There are also found in various parts of the 
world lakes of an alkaline character. The 
salts they hold make the water undrink- 
able, hut the dried minerals recovered are of 
use iu commerce. Several alkaline leikes lie 
in the south-east of Alberta in Canada, but 
have not yet been much exploited; the soil 
in the region round about is also alkaline 
and cannot support many crops. In the 
drier parts of Wyoming and California 
alkaline lakes are fonnd irom which small 
quantities of mineral salts are extracted. 

The district of Magaidi in Kenya, East 
Africa, possesses a lake of carbonate of soda. 
Water coming from the surrounding higher 
land has evaporated in the hot sun, leaving 
behind the deposits of soda. Successive raim 
and evaporations have added to the deposit 
rmtil the alkalinity of the lake is such that 
the surface is now quite solid. Natives out 
soda into huge blocks and pack it ready 
fear shipment. Despite difficulties in trans- 
port, the working of the Magmdi Soda Lake 
is a profitable business. See iUnalration, 
CkArtnon zxxla;. 


CHAPTER XXVm 

THE CHEMIST’S GIFTS TO MANKIND 


IVAAN has been described as a tool-using 
animal, but the materials available for 
tool-making in ancient times were very few. 
The use of stone and bone preceded that of 
Sny metal. Later, metals procurable either 
in the natural state, like gold and copper, or 
by very simple operations came into use 
before those which were more difficult to 
obtain. Archseologists divide prehistoric 
times into the Stone Age, a pwiod prior to 
3,000 B.o, ; the Bronze Age, which lasted for 
some 800' years until about 2,300 b.o.; and 


the Don Age, when iron began to be used in 
any quantity. 

Iron and Steel 

There seems reason to believe that the first 
iron known to man was of meteoric origin. 
The first iron produced from ore was most 
likely the result of an accidental smelting- — 
perhaps of lumps of surface ore fused in % 
forest conflagration — or a lump of 
may by chance have been, bank ^4.!'^^^ 
nomad’s camp-fire. Another nosfli iaiMl^ 
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that his Are was built against a rock with 
an iron content. Having discovered the 
metal, and finding that it yielded a more 
useful tool than either stone, bone, or copper, 
Man began to make more rapid progress. 
Throu^ the medium of this malleable metal, 
capable of being converted into a myriad 
implements, he was able to fashion tools and 
weapons that gave him mastery over the 
brute creation, and also over hitherto in- 
tractable mat^ials Hke hard and durable 
stone. 

By experience, Man discovered that when 
the wind was blowing he could obtain a 
fiercer blaze in his crude hearths for ore- 
smelting, and a better iron was made. For 
this reason hill-tops were deliberately chosen 


for smelting places; but winds are never 
constant, and in order to obtain the neces- 
sary air-draught, devices for converting 
an open hearth into a crude blast-furnace 
were invented. The earliest of these was 
probably the utilization of an inflated goat- 
skin to act as bellows. Though we teU of 
such an advance in a few sentences, long 
centuries intervened between the successive 
discoveries that gave primitive man a more 
facile control of this noble metal. And we 
must imagine a parallel development going 
on in each cradle of civilization, for such dis- 
coveries were but local ones. The rate of 
growth of the iron industry in later times 
was far more rapid. In the early years of 
our era a mass of iron might well be a Idng’s 
ransom, and in the 
“Iliad” of Homer it is 
told that a Imnp of the 
metal was one of the 
prizes in the Greek 
games. Even as late as 
the 14th century, in the 
reign of Edw^d III, 
the iron utensils of the 
royal household were 
closed among the 
“jewels.” 

Modem metallurgy 
is the result of con- 
stant experiment and 
research on the part 
of chemists and other 
workers, research that 
has given the world 
the wonders of tihe 
specialized steels of to- 
day, Everyone knows 
that steel is a type 
of iron with unique 
qualities of its ovTi. 
Steels are made by 
various processes, all 
of which have for their 
object the production 
of a hardened form of 
iron containing a care- 
fully controlled amount 
of carbon; the latter 
varies from OT pe^, 
cent, in the softer 
steels to over 2 per 
cent, in the high-speed 
steels. 

During the last fifty 
years great advances 
have been made in 
the knowledge of the 
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ramlnS Iron Into steel— tbe Initial stafie. Vats being flUed vltb molten iron at the Acldam Steel Mills, 

Mlddlesbroogh 


internal structure of steels, pairtly by ohemioal 
analysis and even more by the use of the 
•microscope. When the surface of iron or 
steel is poUshed and then carefully "etched” 
by means of adds, the cryctaUine formations 
are revealed. Photo-micrographs are made, 
and the relation of orystalme forms to 
physical properties may be studied and 
invaluable information obtained. 

Electrical resistance thermometers to-day 
enable the manufacturer to regulate and test 
the temperature of his furnaces. Down to 
a few years ago furnace temperatures were 
judged visually by furnacemen, who through 
long experience could tell approximately by 
the glow-colour of the molten mass whether 
it had attained the heat desired. 

Steel becomes brittle and hard when heated 
to a high temperature and then "quenched” 
by being plunged into cold water or oil. By 
“tempering” it after this chilling, the hard- 
ness or brittleness may be modified to almost 
any degree desired. This tempering consists 
in slowly heatmg the steel to a certain 
temperature and gradually allowing it to 
cool. The process is arrested when the 


colour indicates the required temper, and the 
tool or spring, or whatever the object may 
be, is then quenched. When certain alloys 
are incorporated mto the steel, different 
physical properties are given to the product, 
rendering it more suitable for specific uses. 

For such purposes as the making of high- 
speed tools that preserve their edge and 
temper even when friction has made them 
red hot, these heat-treated alloy steels are 
absolutely essential. Other steels give that 
tensile strength so necessary in the parts 
of engines, of motor-cars, and of other 
machinery. 

Turning with Red-hot Took 

The most used of these alloys are : 
chromium, which increases the hardness and 
imparts a brightness; nickel, which gives 
steel a greater elasticity; cobalt, molybdenum 
and tungsten, which prevent loss of “temper” 
at high temperatures; manganese, w]|iidh 
increases the toughness of steel; sUioon, 
renders the steel more acid-resistant: 
titanium and vanadium, whiph beta 
remove impurities. 
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Thus, high-speed tools are made from 
tungsten-chromium steels. Such tool-steels, 
used for mac h in in g and working various 
grades of other hard steel, are treated by 
beating the forged tool until its cutting edge 
is almost at melting point, when the tool is 
cooled in oil or by an air-blast. The cold 
tool is later reheated in a lead-bath and again 
cooled in air. These processes induce such 
a hardness in the cutting edge that a lathe 
tool, for example, retains its full utility even 
when it is machining so fast and cutting so 
deeply that the edge becomes rod hot. 

StainlcBS steel was discovered in 1916 by 
the English metallurgist, Brearley. Now- 
adays the designation is used to cover all 
rustless steels, and not merely the cutlery- 
steel patented by Brearley. The princijml 
alloying metal is chromium, which usually 
represents anything from 12 per cent, to 
18 per cent, of the steel. But the field of 
iron-oorbon-chromium alloys, contaiiiing also 
various proportions of other metals, is 
enormous and as yet little explored. Already 
rustless steels are being put to a thousand 
uses in industry. These range from the 
manufacture of trifling but important 
domestic articles like a potato parer to the 
recent achievement in England of clothing 
the bed and banks of a stream with stainless 
steel plates; the object of this last was to 
keep the waters in bounds and to afford a 
channel that would not bo choked by silt 
and vegetation. 

It may well be said that although Man has 
worked iron for some six centuries it is only 
during the last hundred years that he has 
really developed the most important uses to 
which this plentiful metal can he put. 

Aluminium and its Alloys 

Most of the widoly-used metals have been 
worked by Man for several thousands of 
years. Thus iron, lead, brass and copper 
were the metals of the dawn of WeBtern 
civilization. With these, nations constructed 
gigantic monuments, and dug great irrigation 
canals; hewed their way to victory; tilled the 
soil; hammered out their ornaments and 
utensils ; quarried and built their way 
laboriously to progress. 

Aluminium is not a metal discovered 
fortuitously but the product of scientific 
research. Its discovery dates back little 
more than a century ago (1826), when Hans 
Christian Oersted by chemical methods 
obtained a few tiny globules of aluminium. 
In 1827 Friedrich Wohler, a German chemist, 
likewise obtained a small quantity of the 


new metal. But the process was costly 
and the production of large quantities was 
impossible. 

Lator, Henri Sainte- Claire Doville pro- 
duced aluminium in France, in slightly larger 
quantities but on nothing like a commercial 
scale. It is interesting to remember to-day 
— ^when hundreds of tons of aluminium are 
weekly consigned to the dustbin in the shape 
of used tooth-paste and shaving tubes, the 
“lead” foil on tea-packets, the “silver- 
paper” wrappers round sweets and choco- 
lates, the “tin” foil in cigarette-packets, 
and in the form of various worn-out 
kitchen utensils — ^that only eighty years 
ego aluminium ranlcod in price with gold 
and platinum. 

When Aluminium cost as much as Gold 

In 1852 aluminium cost £109 per lb.; 
to-day the same quantity is quoted at 9|d. 
At the Paris Exposition in 1856, a lump of 
aluminium occupied a place of honour next 
to the crown jewels of France. Platinum 
and aluminium sold for the same price by 
weight as jewellery. The novelty of the 
new precious metal was an irresistible 
attraction. The French Emperor, Napoleon 
in, entertaining some distinguished guests 
at a banquet of honour, had aluminium forks 
and plates set before them as a signal mark 
of favour; the lesser folk had to be content 
with plates of mere gold. One minister of 
state, anxious to present the baby Prince 
Imperial of Franco with the most exclusive 
of presents for his first birthday, gave the* 
royal infant an aluminium rattle. 

Even by 1883 the new metal, in spite of 
all the efforts of chemists to find a cheap 
commercial method of production, was as 
rare as silver. In that year, Charles Martin 
Hall, a student of Oberlin College, Ohio, 
commenced researches which after three years 
of patient labour led to his discovery of the 
electrolytic process — ^by means of which are 
produce the vast quantities of aluminium 
used to-day. ^ 

At the time that Hall was experimenting 
aluminium oxide was quite plentiful, but no 
chemist had succeeded in evolving a process 
for producing large quantities of the metal 
from its oxide. In 1886 Hall made use of 
cryolite, a mineral found largely in Green- 
land. This chemical salt in the molten state 
is capable of dissolving the metaUic oxide 
of aluminium. Cryolite tras added to the 
oxide and melted; an electric current was 
passed through the bubbling mass, thus 
“eleotrolysing” it. Oh oooli^ it was di$- 
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covered that silvery globules of the true 
metal had been formed. Two months later 
Paul H^roult, a young experimenter living 
at GentiUy in Prance, stumbled upon the 
same process, although he was entirely 
unaware of Hall’s discovery. 

The new method of production was begun 
on a commercial scale at Pittsburgh in 1888, 
and the price of aluminium fell so rapidly 
that in a few years this hitherto expensive 
metal was being used in almost every home. 
It is no exaggeration 
to say that in many 
industries the advent 
of cheap aluminium 
created a minor revo- 
lution. The last decade 
of the 19th century 
saw the establishment 
of a great aluminium 
indus^ in Britain. 

Bauxite — ^namod 
after Les Baux, the 
French village where 
the ore was first dis- 
covered and which to- 
day produces one-third 
of the world’s supplies 
— is a high-made ore 
from which aluminium 
is obtained and is com- 
paratively abundant. 

The greatest sources of 
bauxite supply, after 
Prance, ore: Arkansas, 

U.S.A,, which produces 
one - fifth; Hungary, 
which produces one- 
sixth.; and Brirish and 
Xhrtcih Huiana, yield- 
ing 9 per oent. and 10 
per cent, respectively. 

But every handw 
of clay on the earth’s 
crust contains traces 
of alumina, the oxide, 
and there are vast quantities of low-grade 
aluminous materials suoh as lateribeS and 
high-alumina igneous rocks. Aluminium is 
in fact the most abrmdant metallic element 
in the earth’s crust to a depth of ten miles, 
forming 8'05 per cent, as compared with 
5'03 per oent. of iron, the next most abundant 
metallic element. It must be remembered 
also that on account of the lightness of 
aluminium — ^its density is only 29 per cent, as 
compared with iron — the actual bulk produced 
is far greater in comparison with other metals 
than Sie quantity by weight might suggest. 


It is, of course, on account of its combined 
strength and lightness that aluminium has 
advanced so rapidly to its present position 
as one of the foremost commercial metals. 
Besides its light weight its other properties 
are: high thermal and electrical conductivity; 
pleasing appearance; resistance to corrosion 
and to certain types of chemical attack; 
suitability of the metal for use as food 
containers and cooking utensils; the ease 
with which aluminium can be wrought. 


The pure metal when cast is quite soft and 
has only moderate stren^h when wrought 
cold. But the term aluminium as commonly 
used denotes not only the pure metal but 
also its alloys. It is possible by the addition 
of comparatively small amounts of other 
elements to produce alloys which retain in 
a large degree the desired properties of the 
pure commercial metal. The most com- 
monly used of these “hardeners” are coppe?, 
iron, silicon, zinc, manganese and, to ^ 
smaller extent, magnesium and niokeL> 
hardened alloys are manufacture 
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BBUxlt«, the mineral (tom which alDmlnlnm Is normally produced, pocnie la large 
dapnaits in Northern Ireland, Southern France, British and Dutch Oulana, U.S.A. and 
hie Oold Coaat. Here is the ore being mined Itom en outcrop 
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quantities under careful chemical and tem- 
perature control. In effect these various 
alloys turn aluminium into a score of metals, 
each Tvith its own unique properties. The 
development of high-strength aluminium 
alloys has made the metal available as a 
structural material in a large variety of 
forms : sheet, tubing, bar, rod, wire, forgings 
and structural angle and channel sections. 
These strong alloys were discovered several 
years ago when it was found that certain of 
them, when subjected to appropriate heat- 
treatment processes, showed remarkable 
increases in tensile strength and in hardness. 

One of the more recent uses to which 
aluminium has been put is its utilization in 
cable form for the overhead transmission of 
electric power. There is good ground for 
believing that aluminium will oust copper 
for this use, since pound for pound weight of 
cable it will carry just as effeotively double 
the current of a copper conductor. For long 
spans, the alummium wires are stranded 
round a core of galvanized steel vrires. On 
a certain power line in Southern California, 
spanned with aluminium cable, the support- 
ing pylons are located a mile apart, thus 
effecting a great saving in outlay. It is 
impossible Mly to list the uses of aluminimn 
and its various alloys. Mention has already 
been made of aluminium foil, for wrap- 
ping sweets and various foodstuffs. The 
domestio uses of the metal are legion, and 
are being added to every day. 

Great engineering schemes owe an in- 
creasing debt to this light-weight metal. In 
the U.S.A. recently, its use for the floor 
system of a large bridge saved 760 tons of 
dead-weight, added a computed additional 
quarter of a century to the life of the struc- 
tiue, and saved the taxpayers £300,000. 
Every yeat hundreds of tons of the pure 
metal are reduced to a flaky powder to 
provide the pigment for aluminium paint. 
Giant bridges and ships are more and more 
utUiziug aluminium paint not only for its 
weather-resislang and durable properties, but 
also for the great 'saving in weight as com- 
pared with lead paint. 


Alumimum in the Air 

In aircraft construction, aluminium alloys 
are greatly used, since they reduce dead- 
weight without sacrificing structural strength, 
and are non-oombustible and splinter-proof. 
One remembers, too, that aluminium made 
possible the construction of the giant 
dirigibles that are the marvel of the age. 
The body-work of motor-cars is often of 


versatile metal, and that of the coaches of 
many streamline trains has been made of 
aluminium sheets on an aluminium frame- 
work. 

The dairying industry uses aluminium to 
a large extent. Cheeses are now mostly 
wrapped in alumimum foil; milk-pails, 
churns, coolers, and bottling apparatus are 
in the majority of cases now constructed of 
the metal, which is unaffected by the various 
lactic acids. Even the giant milk tanks 
which travel by road or by rail are being 
made of the non-oorroding metal, and the 
space between the tank and its outer casing 
is insulated with sheets of aluminium foil. 
This latter material has come to the fore 
also as an insulating material for refrigerators, 
and even for the treatment of walls. 

The fact that all these achievements of 
alu m inium and its alloys have come about 
in little more than a century, and almost 
wholly within tho fifty-year period of com- 
mercial production, is solely due to the 
tireless research and inspired genius of the 
chemist, who has presented these new and 
wonderful gifts to mankind. 

The Discovery of Vranium 

Although pitchblende deposits have been 
worked in Bohemia since 1617, the epoch- 
making isolation of the metallic element 
radium did not occur until as recently as 
1898. Pitchblende, or uranium oxide, is a 
bluish-black, heavy mineral found in igneous 
rocks, and possesses a pitch-like lustre, from 
which fact its name is derived, In 1789 the 
Gorman chemist Klaproth isolated from it 
a lustrous white metal which ho named 
uranium, in honour of HerBohel’s discovery 
of the planet Uranus, eight years earlier. 

The Eronoh physicist Henri Becquorel 
discovered in 1896 that minerals containing 
uranium gave off rays very similar to the 
X-rays discqvered by R6ntgen in tho previous 
year. These uranium-rays were capable of 
traversing wood, paper and the less dense 
metals such as aluminium. Soon after this 
discovery of the radio-active properties of 
uranium, scientists had reason to bdieve that 
the metal itself contained hitherto unsus- 
pected substances. 

The honour of the discovery of the more 
important of these substances oontained in 
uranimn belongs primarily to Madame Marie 
Curie. She was born in Warsaw, Poland, 
in 1867. Even as a yotmg girl she showed 
an intense interest in science, and though 
very poor, she determined to go to Paris in 
ordiw to complete her soien tfi o education, 
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During her course of studies at the Sorbonne, 
sho became the pupil of Pierre Curie, the 
physics professor. Tutor and pupil formed 
a friendship that 
ripened into love, and 
were married m 1895. 

A Partnership that 
produced Radium 

Professor and 
Madame Curie shoitly 
after their marriage 
devoted themselves to 
attempting to discover 
the unknown active 
substance present in 
pitchblende, A speci- 
men of that mineral, 
possessing two-and-a- 
half times the radio- 
activity of uranium, 
was chemically eicam- 
med by them in 1898. 

Ultimately a new 
element was ^covered 
which was named 
Polonium in honour of 
Madame Curie’s native 
country. Over a ton 
of pitchblende residues 
was then dealt with 
and separated into 
difierent components. 

It was found that 
the barium sulphate 
isolated from the pitch- 
blende was particularly 
radio-active. After 
chemically treating the 
barium sulphate, a tiny 
quantity of a new com- 
pound wa« discovered 
— a metallic bromide 
that was found to he a 
million times as active 
as uranium. The 
parent element of this 
unique bromide was 
named radium. 

The quantity of 
radium in existence is 
very small and its pre- 
paration from pitch- 
blende is not the only 
method that 3 dolds the wonderful metal. 
A certain amount of radium has been 
prod^uoed in the U.S.A, from oarnotite, a 
yellow mineral mined for both the metals 
uranium and vanadium; radium has also 

J6— w 


been extracted from autunite, a phosphate of 
iiraidum and calcium mined in Portugal. 
Usually, however, pitchblende yields higher 


returns of radium than these other sources 
of supply. Yet ten tons of pitchblende yi^d, 
only the infinitesimal quantity of 
of pure radium. So valuable is 
indeed, that mines of carnotite aq^ 



Ctartesy «/ tkt WalUtnd Auvrafl Worts, and (fop) Atfol ZwmIaUon Lid 


Eighty years ago alomlniam was one of the most prectons of metela, costhig over aiOO 
for 1 lb To-day It Is among the foremast commercial jnetels and its uses are 
legion. In aircraft construction its essential quality of lightness makM it invaluable. 
Aeroplane fuselages built almost entirely of mumlnlum and light alloya and (top) a 
1,000 gallon milk transport tank being Insulated with aluminium foil 



CoHftety of the UitiOn Mtniife At Sinil Kotmea 


Producing the rarest metal tn the world, a ton otwhirb would be worth £10,000,000,000. One ol the principal sources of 
radium supply is the Baigian Congo Pitchblende, silicates and alumlnates ot uranium are obtained from the Ohinko* 
lobwe mine. Rant Katanga(<op)tandtransportedtoafaGtory at Ooled, near Antwerp(bottom),where the metalls extracted. 

(Set alto illuetratlotit, p. 391) 
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yielding only one gramme of the rare element 
for every 200 tons of mineral mined and 
treated, are considered ■worth-while pro- 
positions. 

On May 26, 1921, at the National Museum 
in Washington, Madame Curie was presented 
■with ono gramme of radium bromide. Five 
hundred tons of Colorado carnotite had been 
treated in order to secure this minute 
quantity, to purchase which the women of 
America had raised the money by public 
subscription. The price of ra^um in the 
past has varied from £20,000 to £25,000 per 
gramme, but ■with the discovery of new fields 




CoufUsy of fho Union^ du Baut Katanga 

Stages In tbe production of radtom at tha Oolen iactoAr. Top: 
action vats througli wbich radium pasaca during me procega of 
ae^agatlng it from silica and {bottom^ opening tubas containing 
aalta of radium content preparatory to preclpttaBon of the kadlnm. 
(See also illustrations, p, 390) 


say that ■with the discovery of 
radium, the whole world of science 
took a great step forward. In 
fields of use as remote from one 
another as atomic research and 
the cure of malignant disease, the 
radioactive element has opened 
up new possibilities. Thousands 
of sufferers, either cured or eased 
of their pain by radium therapy, 
must have reason to bless the 
gift which the research of the 
Curies brought to them. 

We are in the age of synthetios. 
Let us quote a few ezam]^es 
of substances 'the chemist has 
“oreated.” For thonsands of 
years natural tilh has been 'wo'veu 


of pitchblende the price now has been lowered 
to something less than half the larger figure. 
The chief sources of radium supply are the 
U.S.A., Czechoslovakia, the Belgiau Congo, 
Germany and Cornwall. It is estimated ■that 
there is little more than 1 Ih. of recovered 
radium in the whole world. A ton of the 
world’s rarest metal would be worth about 
£ 10 . 000 . 000 , 000 . 

A specimen of radium has the appearance 
of a few grains of common salt, which are, 
however, luminous. One of ra^um’s most 
strilcing properties is the power it possesses 
of exciting phosphcjresoeince in other sub- 
stanoes brought near it. 

It is outside the scope of this story to 
explore the vast field of radio-activity and 
the many other disooveries in pure and 
applied physicjs made possible by the wonder- 
ful work of the Curies. It is sufficient to 


into delicate fabrics by Mian, Of recent years 
the ohemiste have given nS ayntiietic silks, ohe 
form of whidi is often mtecr^ to as "rayUh.” 
For centuries in the Fast ■ike soya-bean Ike 
been cultivated as an axtiole of food-. Mr. 
Henry Ford, of autompbilefame, has recently 
erected at the Biver Rouge works, at a oort 
of nearly a million popnds, a gigantic mill 
for processing soya-beans into plastics, from 
which are moulded automobile parts. 

At a factory run by Dr. Bergiua, an eminent 
German chemist, wMte sugar is beiug made 
from sawdust and wood- waste. An Ameri« 


can scientist has produced his three-hun- 
dredth invention for utilizing the pea-nut, 
which amongst other things he could already 
turn into commercial tooth-paste, choco- 
lates,” hoot-polish and s;pthetio 
One ootdd go on endlesdy fisting th e^^^^^ 
uses to which apparently vary'ord^*-!^ ^ ^^ 
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Madder and Indigo Dyes 



ducts are put, once they have passed through 
the hands of the chemists. 

Wonderful Colours from Coal-tar 

Perhaps in no other field has chemistry 
achieved such remai’kable results, affecting 
the life of the average citizen, as in more 
or less recent discoveries of synthetic dyes. 
But the thousands of dye shades that 
we revel in to-day have only recently 
become available. The more obvious use 
of dyes is to colour textiles, but actually 
dye-stuffs play a far larger part in modem 
civilization than that. Few materials of 
everyday use, if presented in their natural 
colourless state, would appear very attrac- 
tive. So the modem manufacturer has taken 
advantage of the wonderful gift of the 
synthetic dyes which the chemist lus placed 


at his disposal. To oven the most ordinary 
and humdrum articles he gives allure by 
varied colourmg. 

The ancient peoples of Egypt, India, China 
and Persia to a liinitoc^^xtent dyed by hand 
the fabrics which' they*faanufactured. But 
their colour materials or dye-stuffs were very 
few and were obtained directly from Nature. 
Perhaps the most ancient of all dyes were the 
red obtained from the madder plant and 
the blue obtained from the indigo. Further 
dyes were made by utilizing coloured earths — 
red from earths containing ferric oxide, and 
yellows from yellow clays. A few centuries 
before the Christian era the Phoenicians were 
dyeing stuffs with the famous Tyrian purple, 
the pigment being got from a sea mollusc 
found along their coasts. 

The art of dyeing with such natural dyes as 
those was rapidly gaining 
ground when the scourge 
of barbarian invasion fell 
upon the western world, 
and for long thereafter 
science and culture lan- 
guished. In the 13th 
century a.d. the first 
revival in the art of dyeing 
took place. In 1429, at 
Vienna, the first European 
book on dye-stuffs was 
published. In 1472 a 
Dyers’ Company was incor- 
porated in London. 

The discovery of America 
and the finding of a sea 
route to the East Indies 
introduced now dye-stuffs 
to Europe; thus colouring 
matters were obtained 
from a number of dye- 
woods such as logwood, 
which yielded a pur;^e dye. 
But it was not until the 
middle of the 19th century 
that the possibility aE 
obtaining dye from coal- 
tar was considered. 

It was in 1860 that W. 
H. Perkin (later Sir William 
Perkin), an English 
chemist, obtained a violet 
dye from aniline, itself 
a derivative of benzene, 
which in turn is obtainecl 
from coal-tar. 

The discovery of the first 
coal-tar dye heralded the 
disoontinanoe of most of the 


CowMsy of Imptriol Chmieal IhapOrUs 
brilllmt cpioqrs ^blch the modern mamibcturer has 
ftt QiB disposal Is the result of years of patient work by tbeJcbemlst Research 
dyo-sto»> tadSstw aXalf maSSSr ^ 
wwthOT, etc., are carried out. Hero a diemlot Is 
conducting a microscopic onmlnation ot iramish fllm utter It has bom su^cted 


to accelerated weathering 
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CawUtn of Imperial Ckamical Itubuinfi 


Hough at one time Great Britain loot her leading soeltlon In the dre-atnSh 
Induatry, It la now on a thriving baata in this conntry. Vata and containers In 
a djre-Btaflh works at Blackley, Mancbeater 


vegetable dyes hitherto used. 

The vast madder fields of 
France, -which produced the 
dye kno-wn as Turkey red, 
were soon no mot^ The 
indigo trade straggled 
valiantly against synthetic 
dye competition; but 
although nearly a million 
acres of indigo were gro-wn 
in India as recently as 1897, 
most of the “indigo” dye 
now used is produced from 
the coal-tar constituent 
naphthalene, familiar to us 
in the shape of moth balls. 

Once Perkin had opened 
the door to the discovery of 
coal-tar dyes, scores of new 
synthetic colours were 
rapidly put on the market. 

Coming to the somewhat 
drab Victorian Age — some 
seventy years ago — ^these 
brilliant colours which we 
now accept as q^uite ordinary 
were a source of wonder 
and novelty. In the Inter- 
national Exhibition held in 
London in 1862 as much 
interest and excitement was 
manifested by the crowds 
constantly surrounding the 
new coal-tar dye exhibits 
as was ever shown by those 
that had clustered about 
the fabulous Koh-i-noor diamond in 1851. 

It is interesting to note which were these 
earlier dyes. The great majority were made 
from aniline — ^for example, magenta (aniline 
red), aniline yellows and blues. To-day, for 
every synthetic process of dye-exfiaction 
known in 1862, there are sixty now available. 
But although England opened up the field 
to these discoveries and bore away the 
honours in the 1862 Exhibition, she soon lost 
pride of place. German chemi^s and manu- 
facturers spent half a century in building up 
a great dye industry -with which, when the 
Great War broke out in 1914, they had 
almost a world monopoly. 

Dyes Delivered by Submarine 

Nations previously dependent on Germany 
for their dyes had then to make use of poor 
substitutes. In 1916 a single keg of German 
dye, which in early 1914 had sold in the 
U.S.A. for £8, was eagerly purchased for 
£300. Laden -with cargoes of aniline dyes 


valued at an enormous sum, the German 
submarine DeutscMand dived under the Allied 
mine-fields to deliver her precious cargoes at 
some rendezvous previously arranged with 
the neutral purchaser. But most of the great 
ooimtries of the world, thus forced to rely 
upon their own resources, rose to the occasion 
and created independent dye industries of 
their o-wn. 

In the days of our grandfathers, crude 
coal-tar, a black, sticky and malodorous 
liquid, was regarded as useless and burned 
as waste. To-day, besides serving as the 
basic substance for dyes of all hues, that 
“waste material” is turned into drugs, 
disinfectants, anaesthetics, perfumes and 
petrol. At the gas-works, coal-gas is of 
course the primary object of manufacture, 
Coal is heated strongly in the closed retortlS 
and yields four mam products: gas, tar, coke, 
and a watery ammoniacal liquid. The 
average yield of coal-tar is ten gallons PS® to 
of cod, or 6 per cent, by weight. 


The By-ptoducts of Cosd 


Dyes of Many Colours 


[ 394 ] 



hundred chemical constituents have been 
identified in coal-tar but only about a 
hundred have been isolated, and of this 
hundred only a few have so far been used 
commercially. Naphthalene, already refewed 
to is the predominant constituent, often 
representing as much as 10 per cent, of the 
crude tar. Nearly all synthetic dyes are 


CcufUsy of Imperial Chemteal Ittduslnet 


suaaasfive of the advanced staga reached by the petrol fepm coal Indneto la 
Britain— controi Instruments aiKl valves at t^e BiUtnftliain plant 

made either from naphthalene or from one of 
four other hydrocarbons found in coal-tar — 
benzene, toluene, xylene, and anthracene. 

TTroTn these crude hydrocarbons are ob- 
tained over three hundred ‘‘intermediates”; 
from the intermediaijes some one thousand 
dyes are produced; and from these main 
dyes, several thousand others. Besides being 
found in the coal-tar extracted when the coal 
ia heated, the more volatile hydrocarbons-— 
benzene and toluend»— are contained also in 


considerable quantity in the crude coal-gas. 
When a housewife turns on a gas-tap a.! her 
stove the gas itself, although heard, ia in- 
visible; but if one tries the experiment of 
hcatiug a little coal in a clay pipe pushed 
into the fire, the gaseous mixture that issues 
from the stem is a clearly visible, smoky 
one. The reason is that before it reaches 
the gas-holders the gas has 
been cleaned by being 
washed with high-boiling 
solvents. Thus the gas is 
freed from its benzene and 
toluene, together with cer- 
tain impmities. When 
these latter are removed, 
the hydrocarbons are util- 
ized commercially, being 
converted by chemical pro- 
cesses into explosives or 
into a number of lovely and 
brilliant dyes. 

These chemical processes 
are ofton highly involved. 
As a simple example we 
may instance that used by 
the disoovoror of mauve. 
Perkins obtained mauve by 
adding potassium diohro- 
mate to a solution of aniline 
(derived from coal-tar 
bonzene) in dilute sulphuric 
acid, whereby a blacx pre- 
cipitate was formed. This, 
aifcor removal of impurities, 
was dissolved iu alcohol, 
in which it formed a rich 
purple-coloured solution. 
Research is a never-oeasiag 
process, and months, or 
even years, of what to an 
outsider may appear firait- 
less work goes to the pursuit 
of an elusive object. By 
such tireless effort were 
discovered or evolved the 
beautiM dyes which are 
now put to everyday use. 
Tn a happily worded phrase it has been said 
that “The chemist puts his hand into the 
black mass — coal-tar — and draws out all the 
colours of the rainbow,” 

The countries of the western portion of 
Europe, though endowed with coal measures, 
have nttle or no natural supplies of fad oils. 
The invention of the internal combustion 
engine, with the advent of the motot vehicle, 
produced a rapidly iucieaeiug denuiud for 
oil and petrol. Then, too< the fact that in 
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The problem of extracting petrol in commercial quantities from coal has been tackled by the British chemist wltfi coiirade 
and tenacity* Already great progress has been made and to-day the vital fuel is prodnced In this way regularly if In 
relatively small quantities. Here are the high-pressure vessels at Biiiingham in which the coal is hydrogenated 

oertaia other forms of tranaporb coal has boon parable to those derived from petroleum, 
superseded by the easier-handled liquid fuels the hydrogen-to-carbon ratio m coal has to 
has rendered snch oil-lackuig countries be increased. 

anxious to convert their coal supplies into For many years chemists have grappled 
liquid fuel. This, of course, is possible only "with this problem, and numerous methods 
by the application of chemical methods, have been developed to solve it. The 

Coal contains variable but appreciable pro- most promising of these is the direct treat- 
portions of the hydrocarbons that compose ment of coal with hydrogen under high 
the hqtiid fuels distilled from petroleum, but pressure and at high temperature. This 
in co^ tihe ratio of hydrogen to carbon is process was evolved as long ago as 1914, by 
very mudh lower than in the petroleum the Getman chemist Bergins, to 
products. To obtain hquid fuels com- ference hae already been made, 
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process, known as the hydrogenation pro- 
cess, was utilized in 1924 to teat the suit- 
ability of British coals for the extraction of 
synthetic petrol. Although great progress 
has been made since then, the quantities of 
synthetic petrol produced at present by the 
hydrogenation process are still small. 

The procedme is usually as follows: coal 
is placed in a sealed converter heated by an 
electrical furnace. Compressed hydrogen is 
admitted. The converter is then heated to 
“reaction temperature” and maintained at 
this for about an hour, after which it is 
allowed to cool. The light spirit recovered 
by distillation is then refined for use as 
commercial petrol. 

Extracting Benf(ple from Coal-gas 

An entirely different type of process for the 
production of liquid fuel from coal is that 
in use at the Beokton, East London, works 
of the Gas Light and Coke Company. Here 
is the largest benzole recovery plant in the 
world embodying the adsorption principle, 
with a daily output of some 16,000 gallons 


of benzole. The adsorption principle lies in 
the utilizing of activated carbon to adsorb 
the hydrocarbon vapours from coal-gas. 
When the carbon is, as it wore, fully charged 
with these vapours, the adsorbed compounds 
are expelled with the aid of steam. At tho 
first adsorption tho carbon takes in benzole 
from the coal-gas up to one-fifth of its owir 
weight. When incapable of further work 
the carbon is removed and heated in a 
furnace to fit it for further use. Coal-gas 
contains on an average three-and-a-quarter 
gallons of benzole for every ton of coal 
carbonized in the retorts. 

There seems little doubt that the science 
of making synthetic fuel oils is as yet only in 
its infancy. At tho present rate of con- 
sumption there is a prospect that the known 
supplies of natural liquid fuel may be 
exhausted within the next century or so. 
Only through tho researches of tho chemist 
in the field of synthetics, therefore, can the 
world hope to be ensured of adequate 
supplies of these greatly needed sources of 
motive power. 


CHAPTER XXIX 

WHEN THE EARTH TREMBLES 


CEISMOLOGY, the study of earth tremors 
and earthquakes, is one of the youngest 
of sciences. When our eM’ly ancestors 
experienced earthqualce catastrophes they 
believed these teirifying visitations to be 
the outcome of the wrath of gods and 
demons. Erom the time civilized mankind 
began to regard such a belief as a primitive 
superstition, succeeding generations have put 
forward one theory after another to explain 
how and why the earth trembles. 

Such a famous Greek as Aristotle and such 
eminent Roman writers as Seneca and Pliny 
the Younger all found a place in their works 
for that awe-inspiring phenomenon — ^the 
earthquake. It was only reasonable that 
earthquakes should claim their interest, for 
the areas of greatest seismic activity in 
Europe were to be found in Greece and Italy. 

But it was not until tho mid-eighteenth 
century — after the severe Lisbon earthquake 
of 1776 — that John Michell, a Cambridge 
Professor of Geology, wrote his well-known 
memoir on earthquakes, in which, for the 
first time, the subject was dealt with scien- 
tifically. Michell put forward several new 
theories in regard to the origin of these 
great tremors, and was the first to attribute 
the vibratory movement in earthquakes to 


elastic waves passing thxoixgh the earth’s 
crust. 

How these waves first come into being 
is still an unsolved problem. Every group 
of seismologists, geologists, and oven astron- 
omers has its own explanation. A study of 
the theories regarding the dreadful earth- 
quake at San !^ancisoo in 1906 illustrates 
the great divergence of opinion. 

Wftsw Seismologists Differ 

The calculations of Professor Rood, who 
was in charge of the seismometer, or earth- 
quake-recording machine, at Victoria, 
British Columbia, led him to assert that the 
main seat of the earthquake was somewhere 
on the sea bed of the Pacific Ocean. Professor 
Matteuooi, director of the Vesuvius observa- 
tory in Italy, many thousands of miles from 
the scene of tho calamity, had quite other 
views. He wrote; “Notwithstanding the 
distance separating Vesuvius and tho Cali- 
fornian earthquake, I believe a close relation 
exists between the two phenomena, which I 
consider as different effects of a common 
cause.” Yet a third opinion came from the 
famous Erenoh astronomer, Abb4 Moreux. 
He believed that the sun had a certain 
infiuence on the earth, much as the moon 
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has on the ocean, and that a rapid increase 
or decrease of solar activity caused fresh 
outbursts of seismic disturbance. Such a 
cycle of events, he suggested, occurred every 
twelve years. The Abb6 pointed to the 
great increase in seismic activity during the 
previous six months, when the sun, too, had 
been unusually active. 

But, whatever the underlying cause, the 
result of the disaster at Sani^ancisco in that 
April of 1906 was appalling. Not only was 
the city itself entirely wrecked, but the earth 
movement extended along a remarkable 
underground fault or rift some 270 miles 
long. Houses and villages lying aa far away 
as 26 miles from the direct path of the 
disaster were shifted horizontally, and field 
fences were found standing as much as 
fifteen feet from their original position. 

Buildings in Los Angeles, some 300 miles 
away, rocked violently; many houses feU at 
Sacramento, eighty miles distant, killing a 
great number of people; and along San 
I^ancisco Bay three miles of railway track 
sank from sight. Buildings at Salinas, 100 
miles to the south, were wrecked, while 
1,000 people were killed at Santa Bosa, a 
nearby Californian beauty spot. 

San Francisco, April i8, igo6 

' The first shock caught the city of San 
Francisco at 1.15 a.m,, when the majority 
of its 400,000 inhabitants were sleep^ 
peacefully. From swaying hotel and rooking 
shack rushed swarms of terror-stricken 
people, clad oidy in their night-clothes. In 
many streets the pavements had vanished, 
leaving yawning gaps to catch the unwary. 
A few minutes later another convulsion 
shook the city. Buildings which had partly 
withstood the first throes now swayed ^sszily 
before crashing on the hapless throngs in 
the streets below. Tramcar tracks were 
twisted into knots. 

One onrious fentnre of this earthquake 
ivas the extreme irregularity of its course. 
In the wharf district the firameworks of the 
great gas reservoirs were wrenched into the 
most fantastic shapes, and enormous factories 
were thrown to the ground. Yet only a few 
yards away wooden shacks had scarcely a 
board out of place. 

Devastating as the convulsions had been, 
infinitely greater damage was done by the 
simultaneous fires which broke out imme- 
diately afterwards. Gas and water mains 
had all burst, increasing the danger and 
damage a hundredfold. There was nothing 
to do but blow up buildings in the paths of 


the flames. Whole blocks were demolished. 
But faster than firemen and engineers could 
work, the blaze, fanned by a strong breeze 
from the sea, spread through the city. A 
second big shock came soon after dawn, and 
the panic of the population was indescribable. 

Throughout me day and ensuing night 
thousands of the homeless fled to the hills 
beyond the town, where milder shocks still 
continued to be felt. A thousand troops 
from nearby towns wore hurried in response 
to calls for aid. Millionaires were reduced to 
a level with the poorest. 

Food supplies were running short and mobs 
everywhere becoming desperate. Next day 
ships and lorries began to arrive with tents, 
food, clothing and medical supplies. Rail- 
ways carried relief goods free of charge. 
Within six days facilities for feeding the 
destitute were in full working order. Insur- 
ance companies paid out £60,000,000 in 
claims, and the census showed that 28,188 
buildings, valued at £21,000,000, were irrepar- 
ably destroyed. The number of dead could 
only be roughly estimated. Over 1 ,000 bodies 
were recovered; but another 4,000 missing 
wore never traced. The number injured 
totalled tens of thousands. 

Yet -within a month the city resemhled an 
ant-hill, hustling with activity; and soon the 
gaunt ruins gave place to the newer and 
giandei San Francisco of to-day. 


Secrets 'Revealed hy Seismology 

The science of seismology, in its short 
existence, has revealed some amazing secrets 
of how the earth is built, of how its crust is 
constantly moving, and even of what sub- 
stances it is composed. One of the greatest 
aids to this knowledge is that wonderfully 
accurate piece of mechanism, the seismometer. 
It is perhaps the most accurate measuring 
instrument which man has yet produced. 

As early as a.d. 132 a Chinese scholar, 
Chong Heng, invented a simple earthquake 
deteotor consisting of a wooden rod so 
suspended that it could move in any one of 
eight direotionB, A ball was held lightly 
along each of these lines, and when thrown 
down by the rod was caught in a oup below 
and so revealed the direction of -the tremor. 

In the nineteenth century an entirely 
different, though still simple, type of earth- 
quake reccffder was erected at Comrie, in 
Perthdiire, where many earth tremors have 
been experienced. The British Assoeiatian 
in 1872 built a small stone earthquake houQe 
here. It had a rock floor, sprinkled o^ 
sand. On this lay two boards at 
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to each other. On each hoard were balanced 
nine wooden pins varymg in thickness. 
According to the strength of the shock, 
different sized pins fell, and the direction of 
the fall showed the direction of the tremor 
The modem seismometer proper began tyith 
the inverted-pendulum type, invented by 
Professor J D. Forbes in 1841 and erected 
near Connie. The essential feature of any 
seismometer is that some member within it 
shall remain at rest, or as nearly at rest as 
possible, during Ihe complicated movements 
of the ground m an earthquake. From 
this stationary member swings a rod which 
does respond to earth vibrations. It has 
at its end a point or pencil which, as the 
rod vibrates to the tremors, reoorda the 
movements on a sheet of paper. 


The seismometer most in use nowadays is 
the MUne-Shaw typo with a horizontal rod 
or pendulum. The record of movements is 
made by photographing the path of a spot 
of light on sensitized paper revolving on a 
drum. The pendulum at its outer end is 
coupled to and rotates a small mirror, A 
beam of light is directed on to the mirror 
and reflected back to the recording drum 
bearing the sensitized paper. If the pendu- 
lum is still and the mirror therefore steady, a 
straight line is shown on the drum; but when 
earth tremors occur the pendulum vibrates 
and with it the mirror, so that a zigzag hne 
IS produced on the record, as shown in our 
illustration. The Japanese “ Omori” type of 
seismometer uses the same principle, but the 
record of tremors is mado an smoked paper. 



TaeMan^S^Tr ails^Sranh with covers removed mid principal parts named. 1. Panduliim. 3. Mirror. 3, Weltfhh 
^ SiispMding wirfc 5. I^ineta for ^mpbie. 6. Recordtns drum. 7. Lamp tp auppw ught ray. DrivluA clock. 
Top' Selsmoftram recorded at West Bromwich of an earthquake whi^ ooemred In me hCd m the Atlantio^Ocead* 

3(700 miles away. expianatfon) 
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But as there are two kinds of earthquakes, 
two types of instrument are necessary. There is 
the horizontal earthquake in whieh the move- 
ment is sideways, and the vertical earthquake 
in which the crust moves up and down. The 
seismometers so far mentioned are for register- 
ing horizontal vibrations. There is another, 
built on the principle introduced by Profeasor 
T. Gray, which records vertical movements. 

There axe times, however, when even the 
best seismometers cannot fully register the 
shocks of an earthquake. If the earth vibra- 
tions are loo violent, the delicate needle or 
point of light is thrown violently off the 
registering band of paper. This happened 
at the Laibach Observatory in Yugoslavia 
eaxly on the morning of December 28, 1908. 
Only one of the twelve seismometers was able 
to measure a series of violent shocks which 
were calculated to have their centre (scien- 
tifically the “epicentre”) in Sicily. Later 
news proved this calculation correct. Even 
as far away as Ekaterinburg, in Bussia, a 
seismometer recorded that the town was 
directly in the area disturbed by this sanue 
powerful under-earth wave. 

Here again, as in the San Erancisco earth- 
quake, scientists hotly disagreed as to the 
cause of the earthquake. M. Stelling, the 
Eusaian seoretaay of the International Seosmio 
Commission, maintained that the suddenness 
and extent of tho vibrations pointed to the 
earthquake as being of volcanic origin rather 
than to a fracture or shrinking of the earth’s 
crust. Dr. Suess, another eminent seis- 
mologist, believed that Sicily lay on the edge 
of a great earth fracture. The earth’s crust, 
he maintained, is here suiking seaward to the 
north-east, and is permanently unstable. 
The Abbd Moreux’s theory of solar activity 
influencing earth movements seemed to be 
supported by the Sicilian disaster. 

The Messina Earthquake of 190S 

Messiua was the centre of the tragedy. 
With taU, white buildings which followed the 
sweep of the bay, the city appeared on that 
December morning a picture of peace. A 
few very early risers were stirring, but moat 
of the ISOj-OOG inhabitants slept soundly. 
Then, without the sh^test discernible warn- 
ing, l^e land seemed to be turned to a plastic 
and houses tossed on the waves like ships at 
sea. Within tiiirty seconds, two-thirds of 
the city had crashed in ruins, burying nearly 
half the population. The great height of the 
buildings and the narrowness of the staircases 
made lie town a gigantic death-trap. Yet 
some miraculous escapes were recorded. 


When the Hotel Trinacria collapsed, a 
Siirnor Birgot, occupying a room near the 
toiJ of the house, was flung from his bed. 
Scarcelj' had he risen to his feet when he was 
hurled into the air and the roof crashed down 
upon him. Eecovering consciousness, he 
found himself a prisoner in a nook so small 
that he could not move a finger. With hia 
teeth he tore a hole in some cloth that lay 
over his face and called for help. He was 
rescued none the worse for hia adventiure. 

A group of English and Swedish people 
found themselves marooned three floors high. 
Most of the lower part of the hotel had gone, 
and there was only one wall to support the 
remaining upper floor. Fortunately, all 
eventually saved themselves by scrambling 
down a rope of knotted sheets. 

Great Loss of Life 

The beautiful cathedral, pride of Messina, 
became a mound of debris. The docks and 
harbour works sank to sea-level, and the 
lower-lying parts of the town were submerged 
under twenty feet of water. Hundreds of 
soldiers were killed by the falling debris when 
the barracks collapsed, and under the ruins 
of the station the bodies of forty railway 
employees were later discovered; 660 con- 
victs escaped when the prison fell. 

In the harbour a huge seismic wave 
swamped the smaller ships and rushed into 
the town, adding to the already vast number 
of victims. Farther along the coast the 
wave did still greater damage. Eisin^ like a 
great wall thirty feet high, it surged mland, 
sweeping away hundreds of houses. The 
railway line at one part completely vanished, 
while whole seaside villages were entirely 
obliterated. It was estimated that 2,000 

S eople lost their lives at Pahni and Sant’ 
lufemia, and at Catania several vessels went 
down with all hands. 

The town of Beggio, situated on the main- 
land and some ten miles from Messina, was 
razed to the groimd. Hospitals, houses, 
castles, schools, were huiled into one great 
mound, of debris. As the buildings coUapsed, 
enormous waves came lusbing inland to 
complete the destruction. Twe^y thousand 
inhabitants of the stricken city lay dead. 

Bain came, fortunately, to extinguish the 
fixes that had broken out in various places. 
Since there was no sbdter to be found for the 
women and children and the injured, many 
of them were taken on board tbe resouq 
until the supply of tents and provisiong 
adequate. The question of dealing 
countless corpses was urgent. 
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The Focus and Epicentre 


in moat cases was im- 
possible, and there w as 
no time to dig graves 
in the bitter cold and 
hail that followed. So 
the bodies of the 
victims were taken out 
to sea for mass burial. 
Three Types of 
Earthquake 

Scientists have for 
some time clearly 
differentiated between 
three types — ^volcanic, 
tectonic, and bathy- 
seisms. 




P*o*o’ Ammain Colony, JtrustUem 


Enrthauake effects In two hemUptaeres. Deep assures near tae Dead Sea caused by 
tbe Palestine earthquake of July 11, 1927, In which the town of Nablus was ruined. Top: 
R emains of a coUeSe at Helena, Montana, U,S.A., wrecked durlnd a series of 564 tremors 
experienced In tbe State in November, 1935 


The term volcanic earthquake almost ex- 
plains itself. Oataolysms of this kinH occur 
in close proximity to volcanoes, and usually 
precede and follow a volcanio eruption. The 
area they disturb is comparatively RTnn,11 — 
sddom more than 150 square miles— for the 
eruption of a volcano affects only the under 
layers ol earth in its immediate vicinity. 


Lava, rising inside the 
volcano, forces its 
way into cracks in 
these layers, and the 
pressure of the lava is 
BO great that it causes 
an upheaval of the 
earth above. These 
shocks precede a vol- 
canic eruption. 
Earthquakes follow- 
ing the eruption are 
usually caused by the 
slipping of rock ad- 
joining a fracture, in 
the settling down pro- 
cess after the volcanic 
outburst has ceased. 

Tectonic earth- 
quakes are the most 
numerous of the three 
forms, and are due to 
the formation and 
development of sub- 
terranean faults. The 
fracturing of the rooks 
may start many miles 
belowthe point on the 
earth’s surface where 
the disturbance is 
most felt. This start- 
ing-point is called the 
focus, and the point 
on the earth’s crust where the vibrations 
emerge is the epicentre. Tectonic areas are to 
be found in those parts of the world where 
mountain building has most recently taken 
place. That is why earthquakes in the Pacific 
regions, where the mountains are geologically 
more recent, are more frequent and dangerous 
than those occurring around older formations 
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Tokio Disaster of 1923 


bordering the Atlantic. According to one 
eminent geologist, the late Professor J. Joly, 
the earth’s crust is now as reposefid as it will 
ever be. Beneath it is a layer or substratum 
so charged with radio-active energy that the 
earth can never be wholly at rest. 

The bathyseism, a more recently differ- 
entiated type of earthquake, has its foeus 
at a tremendous depth below the surface. 
This depth is variously given as 125 to 376 
miles, and may be much more. The Assam 
earthquake of 1897 spread over such a vast 
area and had such widely scattered move- 
ments that it was probably due to a bathy- 
seismic displacement; smce tho deeper the 
focal point of the disturbance, the wider is 
the area affected at the top. Some of these 
bathyseismic earthquakes are so deep-seated 
that their effects are never felt on the earth’s 
surface except by the delicate recording 
neodle of the seisometer. 

According to a widely held theory, the 
earth consists of a vast fluid core on which 
floats the outer crust of the continents and the 
land beneath the oceans. This theory has 
grown out of the evidence of the waves sot 
up by earthquake shocks. Different waves 
travel at differeirt speeds through the earth’s 
crust, according to tlie kind of rock or fluid 
through which they have to pass. Certain 
of tho secondary waves seem to disappear, 
never to emerge again or bo recorded on 
distamt seisometers. This would occur if 
und when such waves encountered a fluid 
medium: hence arises the theory that the 
earth’s core is fluid. Other investigators go 
further and say that this fluid is molten iron 
whioh lies about 1,700 milea below the outer 
surface of the earth. Several variations of 
this theory are being investigated with the 
aid pf information given by the behaviour 
of the earthquake waves. 

Another suggestion put forward is that 
the continents float on an under-world ocean 
of molten basalt, a dense rock substance of 
which most great lava flows are composed. 
Deep-seated earthquakes — ^the bathyseisms 
— very probably have their origin in tho 
constant readjustments going on either in 
this mass or in the earth’s core itself. 

Fifteen Thousand Square Miles of Horror 

In the great Tokio disaster of 1923 the 
depth of the focus of the disturbance was 
calculated to be thirty miles underground, 
and its epicentre out in the ocean. Stupen- 
dous as was the loss of life and property at 
Tokio and Yokohama, it would have been far 
worse if the epicentre of the earthquake had 


been situated beneath Tokio itself. As it 
was, the epicentre was many miles distant, 
under the sea-hed hi Sagami Bay. 

The stricken area covered 15,400 square 
miles, and included five big cities, tMrty- 
tliree counties, and irmumerable towns and 
villages. Japan has always had an un- 
enviable reputation for oarthqualces, and for 
years before this disaster the local seismo- 
graphs had recorded an average of one 
tremor per day. Yet this did not prevent 
the crowding of people and the development 
of new businesses both in Tokio and its port, 
Yokohama. Tokio in 1 923 had a iiopulation 
of 3,000,000 and Yokohama 425,000. In 
these teeming cities East met West. Great 
brick and concrete buildings rubbed shoulders 
with flimsy bamboo houses, whilst rickshaws 
jostled taxis in the streets. 

Tokio Rasped to the Ground 

It was Saturday noon of a hot September 
day. Over hundreds of thousands of open 
braziers in wood and paper houses, Japanese 
housewives wore cooking the midday meal. 
With dramatic suddenness came the first 
sliock. The frail little bamboo houses swayed 
and righted themselves. The great public 
buildings cracked ominously. But boforo 
their occupants could rush into tho streets 
a second, third, fourth and fifth shook were 
followed by five more shocks, shattering 
buildings into toppling ruins. The electricity 
works buried 600 workmen in its fall. The 
police office, central railway station, the 
banks, fell in great masses of masonry into 
the afreets, kflling and wounding thousands 
of terror-stricken people. More violent 
shoolcB followed. There was scarcely a 
building left standing. 

Bamboo houses, 'vmoh so for had been 
less affected by the shocks, became now 
the prey of a new horror. The braziers 
were overset by the oontinued quakings, 
scattering their red-hot contents on wood 
and lath. The occupants were caught in 
sudden conflagrations that burst out simul- 
taneously in every part of the city, Fanned 
by a strong wind, the fires became uncon- 
trollable. As in the San Franoisoo earth- 
quake, water and gas mains burst. Many 
refugees, in the act of esoapiug by boat on 
canals, were burned to death when the nearby 
oil tanks burst. 

At Yokohama, thousands took refuge from 
the fire by standing up to thdr necks in the 
sea. Sudden waves caused by the earth- 
quake swept many off their feet. In the 
ooimtryside beyond the t^yo big mties the 



Tokio Savaged by Fire [ 403 ] Death-toll of Japanese Disaster 

earthquake 'vprought dreadful havoc, Tokio for the fire had not spared a single building. 
Bay and the Sumida River were fiooded by The jn'wning fissures in the streets were 
a roaring wall of water which washed away piled with 30,000 dead, 
hundreds of villas and demolished the seaside Relief ships came steaming in from all 
resort of Kamakura. In the bay all the parts of the globe, bearing food and other 
lighthouses coUapsed into the sea, and every necessities. Even drinking water had to 
vessel was flung on to the shore. Railways be brought. The Japanese Emperor and 
were just a mass of tangled steel, and 600 the Prmce Regent each gave £1,000,000 
people were instantly killed by the fall of towards the relief work, and a fund was 
Sasako tunnel, the longest in Japan. Hills opened in London. A fortnight later the 



On Fe1>mary 3, 1931 » a serious earthquake shook the towns of Napier and Bastings In Nortii Islandt New Zealendf. An air 
photograph of a part of Napier which Buffered severe damage. Zn most cases buildings oonetnicted of concrete remained 

standing 


sUpped into valleys, and the valleys that official figures of the killed were given as 
, remained were lo^ed with debris. 126,000. It was still another fortnight after 

Meanwhile the merofless fire still ravaged that terrible Saturday before the quakes 
Tokio. Crowds sought refuge in a large ceased to be felt. Altogether, 1,256 earth 
military elnthing warehouse. Soon it was shocks were recorded in the months following 
enciroled by fire, and 10,000 people perished the disaster. 

within those wails. Mothers wandered To prove the oorreotness of seismograph 
through burning streets Seeking lost children. oEdoulations regar ding the epicentre of the 
Others carried placards be arin g the names of disturbance, the sea bed at Sagami was re- 
missing relatives. surveyed. Remarkable changes were foipid 

Next day began a great exodus of the to have occurred in the contours of the ocean 
survivors to the hflla beyond. The after- floor. In on© place a submarine rnounta^ 
shocks could still be felt, about two every 1,600 feet h^ had arisen; whilst 
hour. Yokohama was a vast ohamel house, it a depression 2,600 feet deep’ had 
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hollowed out. The whole island of Oahima 
was found to have shifted twelve and a half 
feet in a south-easterly direction. In fact the 
whole district had made a clockwise twist 
with its pivot in Sagami Bay. 

Mild indeed after such calamities as we 
have described seem the earth tremors that 
England occasionally feels. During the last 
thousand years only 310 have been noticed 
in England, and 822 in Scotland. The worst 
known shock was m April, 1884, and had its 
epicentre in the eastern counties. The 


church steeple at Colchester was shaken 
down, and hundreds of roofs and chimneys 
were wrecked. An earlier earthquake, in 
1680, set all the London church bells ringing 
and shook masses of stone into the streete 
from church towers. It was then that 
England’s sole recorded earthquake casualty - 
ooouired, when a London apprentice was 
lulled by a falling stone. 

The British Isles do not lie in the direct 
path of either of the world’s two great earth- 
quake belts. Certain observers have ohorted 
known earthquakes great and small, and 
foimd that they madnly lie along (a) a great 
belt stretching from the Mediterranean, 
through the Caucasus, to the Himalayas; and 
(6) the Andes- Japan-Malaya drole bordering 


the Pacific. Montessus, one of the observers, 
computed that of every 100 earthquakes, 
fifty-three occurred along the Mediterranean- 
Himalayan band, thirty-eight around the 
Pacific, and nine elsewhere. 

An example of a serious earthquake which 
occurred somewhat outside the main seismic 
belts was that which in 1931 devastated the 
towns of Napier and Hastings, in New 
Zealand. This earthquake cannot be con- 
sidered as entirely outside the Pacific ring, 
however, since there are certain great gaps 
in the main belts. 
The focus of the up- 
heaval was located at 
some depth below the 
Pacific Ocean. Here 
it may be noted that 
lands situated dose to 
ocean deeps are always 
in some danger of 
being visited by major 
earthquakes. The 
New Zealand catas- 
trophe of 1931 is not 
surprising when we 
consider that in the 
Pacific Ocean north- 
west of the islands is 
situated the extensive 
Aldrich Deep, whidi 
shelves steeply down 
to the sea floor at a 
depth of over 4,000 
fathoms. In this 
respect New Zealand 
can be compared with 
Japan, whiw has, im- 
mediately to the 
north, the deepest sea 
in the world. 

The Port of Napier 
lies in Hawkes Bay, facing the Pacific, and 
Hastings almost adj oins it. The main portion 
of the town of Napier stretches along a flat 
shoreland and presented a bustling scene on 
the morning of February 3, 1931. The har- 
bour was busy with men engaged in loading 
wool, meat and fruits into the ships lying at 
the wharves. 

The principal shook racked the town at 
10.43 a.m., destroying practically the whole 
of the biisiness section and a large part of 
Hastings near by. Fires broke out simul- 
taneously in many places, some in Napier 
being especially serious. The majority of 
the houses that were of wood withstood the 
shock fairly well, though flying furniture 
caused mucJi injury and damage. But when 



Durinil the eerthqueke ebocks at Hoetlngs, Near Zealand, In 1931, roads caved In and 
great oracles appeared In which a number of motor-cars and other vehicles disappeared 
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the fires ,^egan, the fact that so many houses refused the berth and anchored in another 
were bum of timber greatly increased the one, forty yards away. When the earth- 
navoo. Buildings made of properly rein- quaie came, it completely destroyed the 
lorcea cimcrete remained standing in most berth he was originally assigned. Within 
cases, although the two sidewalks of the main fifteen minutes of the shock, bluejackets 
thoroughfares caved in and taxis were landed from the sloop and proceeded to take 
swallowed ^ the centre of the road dis- over the control of all supplies of food and 
appeared. Out of a total of 36,000 in- medicine and to organize all transport, 
habitants, 250 were killed— 145 in Napier Nineteen months later, in September, 1932, 
itseJi and IjOOO were injured. Over 10,000 an earthquake shook Gisborne, a town in tho 



One of the worst earthquake disasters of recent years occurred in May. 1936»when Qnettai In British Baluchistan, was 
razed to the ground. For a year the remains of the dty were sealed, hut now it Is being rebuilt at an estimated cost of 

£6,000,000, A eectlon of the ruined area fxQ/tn. the air 


inhabitants of the two towns were rendered next bay to Napier. It had slightly felt the 
homeless. Hospitals collapsed and a hostel tremors of the previous ’quake. No one was 
in which night nnrses were sleeping was injured, but the whole town was moved 
wrecked, killing all the women as they slept, several inches nearer the river by which it 
In the bay itself many ships were stranded, stood, 
for the sea bed had risen between seven and The Napier earthquake had been the most 
twelve feet in various places. A British oalamitous in the history of the British 
naval sloop, HM.S. V&romca, had a mar- dominions until, in 1936, a far greater 
vellous ^oape. It had arrived three honrs catastrophe devastated Quetta, a city bjgrb 
before the first shook ws>s Mt. The haxhour on the Baluchistan hUls of Norili-wesb Inj^. 
authorities indicated a certain berth for it, Quetta lies in the heart of the 
but the captain, with remarkable prescience, Himalayan earthquake belt- 



The Quetta Catasttophe [ 406 ] British Troops* Rescue Work 

On May 30, at 3.04 a.m. the first shook shocks, there was soon scarcely a structure 
throw the majority of the sleeping inhabitants left standing. The aerodrome and R.A.i?. 
from their beds. Terror-stricken, they fled lines suffered terribly, all buildings being 
into the streets just as the second and third demolished. Curiously enough, however , the 
tremors brought down row upon row of military college some distance away was 
houses. Terrible as was the havoc, the main quite unharmed. 

shook was of leas than one minute’s duration. With the coming of dawn the military took 




ruake In less than a mlnuta the damage done was incalculable 
■OTtlons of buildings were lifted bodily and thrown some distance 
away and entire streets of houses collapsed (top) 


The strong bairracka which housed the police 
force crashed m on the sleeping men, and 
practically the whole body was destroyed. 
The native section of the city was razed to 
the ground, and civic buildings were an un- 
recognizable wreckage of d-ebris Under the 
vibrations of the repeated thou^ weakening 


charge. Martial law was pi oclaimed 
and a circle of defence thrown round 
the city to protect it agauist 
marauders from the hills. Sixteen 
thousand distraught survivors found 
temporary refuge on the open ground 
of the race-course, where food and 
medical services were hastily 
organized. 

When the authorities oamo to 
examme the city itself, they found 
the loss ot life and property far 
worse than they had imagmed 
Troops worked day and night, 
digging in the ruins : they were able 
to save hundiods who had been 
unprisoned in the debris and whose 
cries could faintly bo hoard. 

Two hundred British residents 
were killed, and the total deaths m 
the area were later given as 40,000 
— nearly 20,000 in Quetta alone 
The remamdear of the 40,000 killed 
came from some hundred villagos that were 
turned — many of them miles from Quetta, 
but lying along the same “fault ” among the 

hillB. 

Since it was impossible to remove the 
bodies burled in the ruins, and because of the 
fear of pestilence, the whole city was 



Relief Otganlzatioiis 


[ 407 ] 


evacuated. The inhabitants were sent to 
other parts of the country, for a whole year 
only the sentries that guarded a ring of 
barbed wire, and the occasional commissions 
of inspection, lived in a place that had once 
been the home of 40,000 people. 

Relief organizations were set up in many 
parts of tho world, and the Lord Mayor of 
London inaugurated a Quetta Thind to which 
many large sums were contributed. The 
great task of rebuilding the city was begun 
and soon made steady progress. 

Although destructive earthquakes have in 
recent years caused the death of hundreds of 
thousa^s and the destruction of much 
valuable property, the damage has almost 


The Fire-fighters 

always been greatly aggravated by attendant 
fires, by the bursting of gas and water mains 
and by the destruction of electric power lines. 
The more modern a city the worse the havoc 
seems to be. Now, however, town planners 
and housebuilders in seismic areas, when they 
rebuild cities, use the latest resources of en- 
gineering knowledge to make them as 
earthquake-proof as possible. Messina’s tall 
houses have given place to lower ones. In 
Tokio the new public buildings are steel- 
framed. The piers which support bridges 
are made much wider at the base than 
normal, and the whole structure tapers 
rapidly as it rises. Villages are rebuilt on 
the hardest ground available. 


CHAPTER XXX 
THE FIRE-FIGHTERS 


T 7 IRE, says the old adage, is a good servant 

hut a bad master. The total loss of life 
and property occasioned by fires which have 
spread beyond Man’s control must be 
stupendous. 

Some of the greatest disasters in history 
have been fires, uncontroUahle in their 
immensity. The Great Fire of London, in 
1666, burned for three whole days, destroying 
436 acres of property valued at over 
£10,000,000. In Hamburg, in 1842, a terrible 
fire raged for over four days and more than 
100 persons lost their lives. One-fifth of the 
inhabitants were rendered homeless and 
the property destroyed was valued at 
£7,000,000. Thirty years previously, the 
Russians deliberately burned their city of 
Moscow to prevent it from falling into the 
hands of Napoleon. During that five-day 
conflagration £30,000,000 worth of goods, 
valuables, buildings and other property were 
irretrievably lost. One of the greatest fires 
of modem times was that at Chicago in 1871. 
Over 2,000 acres in the heart of the dty 
were devastated and the loss waa put at 
£39,000,000. 

Two terrible earthquake-fire tragedies have 
oocurred in our own century. In both oases 
the breaking of the modem network of gas 
and power mains below the rood surface 
largely contributed to the excessive destruc- 
tion caused by the fire following the earth- 
quake. The earlier was the San Erancisoo 
upheaval in 1900, where £60,000,000 worth 
of property was lost. The most recent was 
that of Tokio and Yokohama in 1923* when 


the total loss by earthquake and fire was 
estimated to be £200,000,000. 

Fortunately, in these days the terrible 
losses are not borne entirely by those whose 
possessions are destroyed. ]l^e insurance 
companies compensate the smaE householder 
as well as the town council and the fac- 
tory owner. The tremendoua annual losses 
through fire are Ikerefore not brought to the 
notice of the man in the street so forcibly as 
in earlier timea, when a whole community 
was immediately beggared and rendered 
homeless by some great conflagration. 

History of Fire-fighting 

Efforts both to prevent and to fight fires 
have been made from time immemorial. 
The Bronze Age man with his knowledge of 
the usefhlnetBB of fire for smelting must often 
have beaten out unruly flames with tree 
branches or quenched them with earth, even 
as the fire-fighters of the prairie and forest 
lands do to-day. 

Records of early dvilizations show that 
fire-fightiug brigades were organized to 
protect the property of wealthy citizens. 
Rome continued the practice, squads of men 
bring trained with military precision to 
oombat fires. These Roman firemen, of 
whom th^e were hundreds, were known as 
vigiles, and were divided into cohorts under 
the command of an officer called a sipho- 
narius. They used machines for pumjpSilg 
water and even possessed a primitive fpimt 
ohemioal extincteur. From their siphan||f(^ 
pumps) the water issued iu jerks 
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Early Fire Engines 


these were worked at full speed; so that 
although capable of extinguishing a srnall 
fire, they were comparatively useless against 
flames which had obtained control of a 
building. This manual engine, as it has been 
termed, was the only type in use in Europe 
for hundreds of years after its Roman 
inception. Apart from the attempt both on 
the Continent and in England to prevent fires 
by the nightly ringing of the curfew bell, 
when all households were compelled to put 
out their fires and extinguish hghts, few 
developments took place either in the 
organization of fire brigades or in pump- 
ing machines during the Middle Ages, in 
fact, the fire engine of the Romans was 
forgotten, and the simpler method of 
extinguishing fires by means of buckets of 
water, passed &om hand to hand, usually 
took its place. 

Large squirts or syringes to combat fires 
were invented during this period. They 
were made of brass and held some three or 
four quarts of water. A man held the 
handles at the sides and pressed the end of 
the piston against his chest, thus discharging 
the water. This was the only type of fire- 
fighting appliance which London possessed 
at the time of the Great Fire in 1606. Small 
wonder that all efforts to put out the mighty 
conflagration were of little avail in a city of 
narrow streets and wooden houses. 

'Early 'Fire Engines 

A few years previous to the Great Fire of 
London, a German, named Hautsoh, who 
lived in Nuremburg, invented a fiire engine 
which was in principle the same as that used 
by the Romans. It was drawn by two horses 
and worked by twenty-eight men, and the 
pump cylinders threw a jet of water an inch 
in diameter to a height of eighty feet. But 
there was one fatal weakness in the new 
engine. It had to be taken very dose to the 
fire in order to play the jet into the heart 
of the flames. Some fifteen years later 
a Dutchman, Jan Vanderheide, invented a 
leather hose fastened by metal rivets. 
When this was attached to the metal spout 
of the pump, the engine and its water con- 
tainer could effectively ftmotion farther back 
ffom the fire and was not so likely to fall a 
prey to the flames, as had often happened 
with the earlier appUance. 

Side by side with improvements in the 
mechanical aide for fighting fires went the 
organization of brigades of men who made 
it one of their duties to work the engines 
when need arose. The fire insurance com- 


panies, who set up in business during the 
16th and 17th centuries in England, were 
almost the first to supply appliances for 
extinguishing fires, together with the neces- 
sary firemen to work them. On the Con- 
tinent at about this time similar devdopments 
took place. 

By 1730 a man named Newsham in 
London had made a definite improvement on 
the German fire engine then generally used in 
England- He added a compressed air cham- 
ber which enabled a continuous and more 
powerful jet of water to be forced out of the 
hose and nozzle. This was the engine used 
by the fire-fighters belonging to the insurance 
companies. 

It must be remembered that the streets 
in those days were usually narrow and wind- 
ing, and many towns were still surrounded by 
walls. Because of this, engines had to he 
built small enough to pass through the town 
gates. Bewdley, in Worcestershire, still 
possesses an old fire engine only five feet 
high, which was built for such a purpose. 

Fira Service to Protect London 

In London, where the demand for fire 
protection was greatest, and where the 
iosuranoe companies did good busmess, each 
company maintained its own brigade. Metal 
disks bearing the company’s name were put 
upon all dwelling-houses or warehouses 
insured by them. When a fire call was sent 
out, only the firemen of that particular 
company whose mark was affixed to the house 
would deal with it. If they did not appear, 
the fire was left to bum, while rival groups 
stood by and watched. Such an unsatis- 
factory arrangement could not go on for ever, 
and many proposals were made for combining 
the fire-staffs into one big brigade. Many 
objections were raised, but a severe ftost in 
1814, when all water in the mains was ftozen, 
forced the men to co-operate in forming 
“bu«iet chains.” Eventually in 1832 what 
was known as the Fire En^ne Establishment 
was formed. It controlled nineteen stations 
and eighty men, and £8,000 a year was 
remiired for its upkeep. 

At the same time the first steam fire engine 
was invented by James Braidwood. It was 
a curioue affair with boilers and pipes 
thrusting themsd.ves out at all angles. Only 
one man instead of twenty-eight was needed 
to work it — ^whioh probably accounted for the 
vigorous opposition of the firemen to its 
in&oduotion. 

A serious fire in the Houses of Parliament 
in 1836 forced the Government to take a 
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Thespeedand efficiency of mobile flra-flgbtliie eqiiipmentBie contimiBUy beinglncreased. This ali-eteelmotartiiiot^b 
ladder extends to a height of 70 ft , la entirely power operated and la lltted with a telephone and a powerful aeafidilw^ 
The cleanlydeelgned alt-enclosed motor-pump {tap) la the flrot of Its type In the world. It carries a 6Q0 -gallon 
a 40-ft. extension ladder and mcygen breathing apparatus 
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hand in organizing and controlling the fire- 
proteetion of the ever-growing city. Parlia- 
ment spent thirty years discussing the matter. 



Tbe latest type of mofoc tiujatible la4cler lias a lood- 
speaker telephone Installed to fsoUltate comnipnlcatlon 
between the control crew on the gronnd and the fireman 
operating on top otthe7addei:70 ft. above 


which was brought to a crisis by the terrible 
Tooley Street fire of 1801. This street lies 
just below London Bridge and was then, 
as now, packed with warehouses. In 1861 
many of these were laden with tallow, salt- 
petre and sulphur, and when they caught fire, 
burned fiercely for well-nigh a month. 
James Broidwood, who was in charge of the 
Fire Engine Establishment, lost his life, and 
property estimated to be worth £2,000,000 
was destroyed. The Government instituted 
an inquiry, which ultimately resulted in the 
passing of the Metropolitan Fire Brigade Act 
of 1865, which provided that all fire stations, 
engines and property, together with the fire 
brigades, should be transferred to the new 
Metropolitan Fire Brigade. 

The London Fire Brigade 

For the next fifty years the steam fire 
engine drawn by horses was used in London 
and in all large towns in England. In 1889 
the London County Council took over the 
Fire Brigade, and under its supervision more 
fire stations were built, more appliances and 
engines installed, and a larger fire-fighting 
force trained. Altogether twenty-eight new 
stations were added, malcing a total oi eighty, 
three in the London area, hut the motoriza- 
tion of the Brigade, beginning ’in 1906, 
enabled the number to be reduced, so that 
to-day the London Fire Brigade has sixty-five 
stations, equipped with the finest appliances 
modern skill can devise. 

Not only do motor-driven engines reach a 
fire qiuckly, hut the motor power is instantly 
available to pump water. So powerful is 
the type of vehicle used by the Loudon Fire 
Brigade that it can attain a speed of sixty 
miles an hour when travelling; and when 
used for pumping is capable of throwing a jet 
of water higher than St. Paul’s Cathedral, at 
the rate of seventy-five gallons a minute. As 
much as five to six hundred gallons of water 
per minute can he delivered, hut the height 
of the jet then is lower. The pumps are 
periodically overhauled and frequently tested 
so that they are available for use at any 
second of the day or night. Eighty-seven 
of these motor fire engines ate owned by the 
Brigade. 

At its sixty-two land stations, the Brigade 
has sixty-eight escape vans carrying escape 
ladders, lu addition, there are fourteen 
mounted turntable ladders, capable of 
extending to a height of 100 feet, and of 
turning in a city lane a dozen feet wide. The 
turntables look very similar to the ordinary 
escapes, hut when the teletooped sections are 
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extended they support eack other without 
the necessity of having to lean the ladder 
against the wall of the burning building 
IVom the top of the turntable the fireman can 
direct the jet of water into the very heart 
of the fire. Emergency tenders, “foam” 
tenders and generators form the remaining 
motor equipment, although one must not 
forget the canteen vans that are requisitioned 
to supply food and drmlc to the men fighting 
the fiames. London has , too, four river fioats 
for use at waterside conflagrations. 

There are only a few emergency tenders to 
serve the whole of Lon- 
don, and one of them at 
least is present at every 
big fire. They hold 
accessories such as smoke 
helmets, breathing ap- 
paratus, electric light 
clusters, searchlights, suc- 
tion fans for extracting 
smoke, oxy-acetylene cut- 
ting plant, and various 
tools such as hacksaws, 
crowbars and jacks. 

These vehicles, with their 
personnel and the won- 
derful plant they contain, 
are requisitioned also for 
such jobs as freeing a 
jammed lift or raising 
a vehicle that has im- 
prisoned the victim of 
a road accident. 

The brigade operates a 
service of 1,604 street fire 
alarms; it has 30,952 fire 
hydrants, and possesses 57 miles of hosepipe. 
The hose is made nowadays of strong canvas 
lined with rubber, which will take up to 300 
lb. pressure per square inch. After being 
used at a fire it is tested for cracks or leakages, 
cleaned, and hung up to dry on special 
"towers.” The fire alarms are tested every 
day. The testing fireman opens them with a 
key and uses the telephone which is attached 
to the alarm. The alarms are the property 
of the General Post Ofi&ce, but the Fire 
Brigade is responsible for their upkeep. 

How Firemen are Trained 

However excellent the engines, pumps, 
fire alarms and other apparatus may be, they 
would be of little value if the men who serve 
in, the fire brigades of any town were not 
strong, efiSoient, and well trained. Gone are 
the days when any willing helper, irrespective 
of age or efficiency, could man the fire engine. 


Physical fitness is an essential part of the 
fireman’s equipment. As soon as he joins, 
the recruit is put through a course of training 
lastmg from three to six months. Drill, 
rescuing dummies from real burning rooms, 
emergency descents down 100 feet of rope 
attached to a swayuig ladder, setting up the 
turntable ladders, and wor^g the pumps 
are but a few of the jobs the new fireman 
must learn m his practical work. Even the 
handlmg of a hosepipe nozzle has to be care- 
fully practised, for it is not easy to con- 
centrate the powerful jet on the exact spot. 


Amongst other qualifications, the fireman 
must be a skilled engineer, and in the work- 
shops the various appliances are taken to 
pieces and every man is given a course of 
theoretical training. Side by side With 
this goes instruction on the technical 
aspects of fire-fighting and fire-prevention. 
Those desiring promotion take special courses 
in hydraulics, building construction, advanced 
engineering, edeotrioity, and applied obem- 
isl^. Drivers of the engines and tenders 
receive extra training not only in driving 
through traffic and the management of their 
particular vehicles, but also in the topography 
of the region. 

The third part of a fireman’s training 
takes place in the watchroom. This is the 
nerve centre of the whole station; anql. Is 
linked to the control room at headquajct^W 
the city is large. Here are 
connections, "^en a distcatig$p 



RecelTlnS Instructions and tmnsmlttina reports ^ Trlreless on an enaina of the 
Vlannaae Fire Brigade. By this means the flre-aghters keep In constant touch 
with the Stephnnsturm headquarters 
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holder breaks the glass of a street fire alarm 
and pulls the Imob inside, he sets an alarm 
hell ringing in the watchroom of the nearest 
fire station. Immediately, the man on duty 
switches on the "call lights” — coloured 
signal lamps indicating what appliances must 
he rushed to the fire. He warns the nearest 
station to send a motor pump, informs head- 
quarters of the alarm, notes the exact time 
and records the number of men sent out; 


then, he waits ready for further reports from 
the scene of the fire or for calls from any other 
outbreak. It is not an heroic task, but it is a 
very necessary one, for on the watch-duty 
officer depends the speed with which the call 
is answered and the effective co-operation 
between headquarters and the men at the 
scene of ihe fire. 

The first appliance to leave the station is 
the escape van, since the saving <rf life is the 
first duty. The average time in turning out 
an escape manned by four men is twenty 


seconds. Within the space of two or three 
minutes after arrival at the scene of the fire 
the ladders have been unshipped and placed 
into position, and the firemen may be 
descending them with the unfortunates who 
were trapped in the burning building. 

In narrow alleys, or if ^e fire is excep- 
tionally fierce, ]umping sheets are used. 
These jumping sheets are made of canvas and 
are some ten feet in diameter, being fitted 
with twenty-four handles. 

Meanwhuo the pump 
and hose are being pre- 
pared. One man tends 
the pump; another may 
search neighbouring walls 
for the nearest plate bear- 
ing the sign H. for hydrant 
— ^though probably he is 
already familiar with the 
location of these ; two 
others unroll the coils 
of hose, coupling them 
together to tho requisite 
length. Another, if pos- 
sible, enters tho burning 
building to locate the 
seat of the fire and get 
some idea of the plan of 
tho premises. 

As soon as the hose jet 
is Worldng, a call is put 
through for assistance if 
the officer in charge deems 
the fire too large for 
him to cope with. Should 
he give a “District” call 
— we are taking the 
London area as an ex- 
ample — some fifteen ap- 
pliances are sent to the 
scene of the fire from other 
stations in that division of 
the dty. If a “Brigade” 
call is necessary, the de- 
mandfor additional forces 
goes direct to head- 
quarters. On the wall of tho control room of 
the London Kre Brigade is a great map of the 
County of Xnndon. Every fire station is 
marked on it, and the number of appUanoes 
with which it is supplied, A small peg reproc 
salts each of the appliances, so that when the 
eMiaes have boen sent to a fire, the chief 
ofwer Can. see by a glance at his pegged map 
which areas can best spare the requisite type 
of engine. The remaining forces have then 
to be temporarily rearranged so that, in the 
event of another outbreak of fire, no region 



Clhohlag smoke and polsonoos fumes are amona the areetest danaen the flre- 
have to face. The London Fire Briaade has recently been tryina out 
q^al smoke helmets and breathlna apparatus designed to combat this menace. 
The latest type of motor pnmp to fitted with this new equipment 
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IS left unguarded. So 
highly organized is 
the Brigade that it is 
possible to concen- 
trate ninety-twro fire 
appliances at one point 
and stiU maintain a 
skeleton service m all 
the other districts. 

The powers of a Kre 
Brigade Officer in 
charge at the scene of 
a fixe are absolute. 
Naturally he works in 
conjunction with the 
senior pohoe officer 
and a salvage officer 
who are in attendance. 
He may break into 
premises, remove in- 
terferers, orevetiorder 
the water supply for a 
district to be cut off 
so that an increase 
will be available at 
the fire. His chief 
problem, after all has 
been done to save hie, 
IS to prevent the con- 
flagrationfrom spread- 
ing. Hehasto shoulder 
blame for undue 
damage caused by 
water, or undue 
destruction by other 
means. A small fire, 
or one caught in the 
early stages, is easily 
quenched ; but once an 
outbreak has obtained 
a firm hold, it is often 
unpracticable to do 
more than confine it 
within the sniaUest 
possible space, and let 

the conflagration bum 
itself out. 

About 17,000,000 
gaJlons of water are 
used by the London 
Fire Brigade to fight 
fires each year, and the 
Metropolitan Water 
Board makesnocbarge 
for it. But though he 
may be lavish with the 
water, it must not be 
wasted, and the officer 
in charge has td be 



Flrtmen enconnter some of Uuilr mo»t fprinidaUe and 
peirUpiw tanks wb^n anbduUig fires In ug warebonaea, 
wbloh ofiod contiMd (oodn of a IfiSblr UUHainmabta nature. 
Ubre are ft>Br fir^tdifers ia tvti/m at a Hiu:Jou» jnribmse 
confla^tton atOolOutal Wbaif^ Wapplng 


careful that it is em- 
ployed to the best 
effect. Subordinate 
officers watch at 
various vanlagepoints 
for fresh outbreaks, 
and unsafe walls, and 
see that the firemen 
are not put to un- 
reasonable risk whUe 
carrying out then- 
various tasks. 

Firemen penetrate 
right into the heart of 
the fire as soon as it is 
under control, drag- 
ging ingroat lengths of 
hose in ordw to play 
the jets at closer 
quarters. Tl^eyalways 
go in pairs, since the 
danger from blazing 
woodwork, molten 
metal or collapsing 
walls is ezceptionally 
great. The Salvage 
Corps is another body 
of men who play an 
important part in 
lessening the loss by 
fire. Only such large 
cities in Britain as 
London, Liverpooland 
Gla^w possess such 
a corps. InNewYork 
and the bigger Ameri- 
can cities there are 
similar bodies called 
Fire Patrols, while the 
salvage corps of Paris 
is under the orders of 
the Fire Brigade. The 
London Salvage Corps 
numbers about 100 
men and is managed 
andmaintainedjomtly 
by the principal insur- 
ance companies. The 
men can be distin- 
guished from firemen 
by their black hel- 
mets; and their equip- 
ment consists of tar- 
paulinB, axes, hand- 
pumps, brooms, 
“swabs,” buckets and 
sponges. While the 
firemen axe bufiOy 

tinguialimgafii»WTOih'< 
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Corn, hay and slmUar vagetahjo 
matter bum fierce^ and frequently 
go on smouldering for days* Fifoo 
of this kind may be Impressive to 
watch but they makeheartbreaking 
work for the ftre-flghters, who are 
seldom able to save anWhlng from 
the flames, Part of a flro In whl^ 
thlr^ corn-stacks were destroyeo 
and (right) a steamer with a car£o 
of grass ablase In Liverpool Docks 

has broken out in a shop, 
warehouse or factory, the 
salvage men axe inMde the 
premises working at break- 
neck speed to prevent 
damage to property. They 
spread taxpaulinB over 
meorohandise, move goods 
away out of danger and 
clear gutters of dehria 
that would impede the 
drainage of water from the 
huflding. When the fire is 
extinguished and the fire- 
men leave, the salvage 
menmust make every efEort 
to dry the building, and one 
or two remain to guard the 
salved property until the 
owners’ daim is considered 
by the insurance company. 
The water, of course, may 
do as much, damage to 
goods as the fire itself. 

Among recent devdoj- 
ments in fire-fighting ap- j 
pHanoes is the use 
chemicals and gases, not-' 
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